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Project Summary
The project aimed to overcome the barrier of harvesting field peas by promoting the role and value of semi-leafless varieties in 
combination with appropriate management in order to modify the attitude of growers and their advisers towards field pea.   In 
conjunction with experienced growers we identified the problems inherent in harvesting semi-leafless field pea and identified 
solutions to these problems.  These were documented in Farmnotes and an innovative DVD which was very well received by the 
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Overcoming the barrier of harvesting field peas by promoting the role and value of semi-leafless varieties  in combination with 
appropriate management should result in growers and their advisers treating peas as a legitimate crop choice in any given year. 
This is likely to result in a field pea industry in WA expanding to approximately 100-150,000 hectares/year by 2007. This is more 
than double the area over the past 5 years (40-70,000 ha).
Economic benefit
The area sown to field pea has increased during this project and the number of growers has increased markedly.  The major barrier 
to adoption of field pea - harvesting has been tackled and grower attitude to growing and harvesting field pea has improved.  Thus 
we are likely to see a stable field pea industry in WA over the coming years in the range of 80-120,000 ha worth approximately 
$23 million/year to the WA economy.  The development of the field pea industry has direct benefits to growers via diversity  of 
income and improvements in following crop yield due to the rotational benefits field pea deliver.
Environmental outcomes
The development of a field pea industry diversifies crop rotations.  This can lead to reduced nitrogen rates applied to following 
cereals; reduce levels of root lesion nematodes and damaging fungal diseases.  Field peas in particular provide very good 
management of annual ryegrass due to their delayed sowing, their competitive ability with weeds in cool winter months, a wide 
suite of herbicides available both at sowing and in-crop, and early maturity allowing very effective croptopping with non-selective 
herbicides.
Social Outcomes
Staff in this project have direct involvement with farmer groups.  The most successful of these is the Pulse Association of the 
South East (PASE) of which Mark Seymour is a committee member.  PASE have 150 grower members throughout the Esperance 
port zone and markets $10 million/year of pulse grain to export and domestic markets.  The pools PASE run allow them to employ 
one part time administrative officer and provide growers with a safe, reliable and profitable marketing option whilst also providing 
a natural information network flow between DAFWA staff and growers.  PASE is host to many DAFWA activities such as their 
AGM and field day which attract very good attendance of farmers and industry participants.  This is of great importance in one of 
the more isolated grain growing areas in Australia.
Expected Outcome (Benefits)
Grains Research & Development Corporation
Final Report
Page 3 of 14
Version 1.0-9
Outputs
Reproduce any outputs not previously reported against
Target audience
Consultants, advisors and farmers.
Delivery mechanism
Half to one day training courses.
Description
Improved knowledge and skills of consultants, advisors and farmers in field pea agronomy at different levels in the pulse industry 






Field pea courses delivered to 15 Elders Agronomists (14th December 2004), 20 AWB Landmark agronomists (4 Feb. 2005), 8 
Esperance based agronomists (Elders, AWB Landmark, Precision Ag., Quality Agronomics, Reed Richardson) on 16th Aug. 
2005, 10 new Elders Agronomist (5th April 2006) , to 10 farmers at the Katanning DAFWA office (August 15th 2006), and CBH 
employees as part of Grain Handling Course/Certificate (12th June 2006).
In addition we conducted invited lectures on field peas and/or grain legumes to students at both Muresk Institute (Curtin 
University) and the University of Western Australia.
Achievement of commercialisation details
Non-achievement details
We offered the training course to the general public via Curtin University on two separate occasions over two years but on both 
occasions expressions of interest did not meet a sufficient level to warrant the course being conducted.
Output 1
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Target audience
Farmers and their advisers.
Delivery mechanism
5 Farmnotes, 2 DVD's and 2 Bulletins.
Bulletins and Farmnotes also available on web.
Description






Farmnote No. 14/2005 "Successfully harvesting semi-leafless field peas", Farmnote "Kaspa" No. 15/2005, Farmnote 105 
"Swathing semi-leafless field pea" Farmnote Note 144 "Visual guide to field pea" Farmnote Note 154 "Field pea stubble: Wind 
erosion control and grazing management "
2 Pulse production manuals Bulletin Nos. 4645 and 4656 "Producing Pulses in the Southern [and Northern] Agricultural Region"
2 DVD/CD ROM videos "Successfully harvesting semi leafless field pea" and "Swathing and harvesting semi-leafless field peas" 
distributed nationally.
All written information available on-line.
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Milestones
Briefly report against the project milestone.  Progress against a milestone must be reported regardless of achievement status 
We produced a number of Farmnotes and a popular DVD/CD video of suggested setups for a wide range of harvesting machinery 
and approaches including direct harvesting and swathing.
Farmnote No. 14/2005 "Successfully harvesting semi-leafless field peas", Farmnote "Kaspa" No. 15/2005, Farmnote 105 
"Swathing semi-leafless field pea" Farmnote Note 144 "Visual guide to field pea" 2 DVD/CD ROM videos "Successfully 




Field Pea Master's Course. After establishing course requirements with agribusiness leaders, we will develop an outline for a Field 
Pea Master course. We will then develop the course, collate information into a package and produce a manual. We will organise 
timing and venues (probably held in Perth).  Further, we will determine if the course is suitable for Curtin University/Muresk 
students, and certification with TAFE. If there is sufficient demand we will develop a short course (< ½ day) on field pea 






Briefly report against the project milestone.  Progress against a milestone must be reported regardless of achievement status 
Our most successful approach was to fit in with training days conducted by Landmark and Elders for their agronomists.  We were 
less successful in attracting private agronomists to commit to a full day of training on field pea.  We believe this is most likely  
due to the industry not being a big enough part of their day to day  activities to command attention and the readily availability of 




At least 4 'On the Pulse' Newsletters produced promoting pulses and passing on relevant seasonal information.  In addition we will 





Briefly report against the project milestone.  Progress against a milestone must be reported regardless of achievement status
From December 2004 "On the Pulse" was changed to "Grain Legume Newsletter" (GLN) so as to include lupin, since then 8 
issues have been released (see Appendices).  
31 AgMemo articles were also produced which were also released as press releases.  In addition a series of articles (Focus on 
Field Pea) were produced for a regular publication as advertisements in the Countryman (2005) and Farm Weekly (2006) with 




Farmnote on harvesting Kaspa. We will obtain from the licensees of Kaspa in WA, Seednet, a list of all farmers growing Kaspa in 
WA in 2004. We will then fill in the geographic gaps by conducting demonstrations in areas where no bulk up crop is being 
grown. At harvest we will endeavour to record the harvesting setup, photograph the harvesting in action and assess losses. A 
summary of these findings and some suggested setups for conventional, draper and plucker fronts and agronomic changes 
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Briefly report against the project milestone.  Progress against a milestone must be reported regardless of achievement status 
The CD ROM video "Successfully harvesting semi-leafless field peas" was released at the Dowerin Field Day 2005 and then 
updated to include swathing in 2006 "Swathing and harvesting semi-leafless field peas" since then over 800 copies have been 




Collaboration with eastern states colleagues in the development of management packages for Kaspa. Project staff will visit SA and 
Vic. for meetings on technical issues. We will evaluate the potential for an across-state  publications on field peas. If we see the 
need and value of such publications we will adapt our information produced in Output 2 for this purpose.  We may also coordinate 
trial design to contribute to a whole-of-Australia perspective. Trials include 4 to 8 large scale demos and 2 small plot trials per 






Briefly report against the project milestone.  Progress against a milestone must be reported regardless of achievement status 
In 2005 project staff met up with Dr Eric Armstrong (NSW DPI), Larn McMurray (SARDI) and Dr Tony Leonforte (VIDA) who traveled to 
WA.  They were shown the National Field Pea Breeding trials at most sites in WA and selected agronomy trials at key location.  In 2005 
DAW00100 project team members collaborated with Dr Eric Armstrong on a study of the phenology of released and near release field pea lines 
(6 TOS x 16 lines).  This has provided data for the flowering times of all field pea lines grown throughout WA at a wide range of sowing dates 
which will be useful in matching phenology to season and in planning the timing of key management. In 2006 Larn McMurray and Jason Brand 




Trials, demonstrations and field days designed and conducted to provide information that will allow current management packages 
to be updated or fine-tuned so that the value and best methods of producing erect field pea in WA can be extended to growers. 
Seed production crops on growers farms and CVT trials will also be used in order to extend the resources available to the project 







Briefly report against the project milestone.  Progress against a milestone must be reported regardless of achievement status 
Summaries of trials and demonstrations from 2004 to 2006 appear in the Crop Update Books in appendices. 
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Reports from field trials and demonstrations and progress on field pea extension campaign published in the Grain Legume Booklet 






Briefly report against the project milestone.  Progress against a milestone must be reported regardless of achievement status 


















Briefly report against the project milestone.  Progress against a milestone must be reported regardless of achievement status 
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The project has been successful in improving the availability of technical information available to growers and their advisers on 
how to grow field pea and most importantly how to harvest field pea.  Harvesting is the main barrier to adoption of field pea and 
the availability of semi-leafless lines such as Kaspa and a well orchestrated extension campaign highlighting the key differences 
between semi-leafless field peas and trailing varieties and the key changes to harvesting technology has been very well received 
by growers.  More than 750 farmers purchased Kaspa from AWB Seednet partners in WA which is the best adoption of any AWB 
pulse seed in WA.  75% of these growers are farming in medium and high rainfall southern regions of WA - which is the exact 
parts of WA our extension campaign targeted.  In areas which have been fortunate to have good starts to the growing seasons 
during the life of this project - such as Esperance, there have been increases in the area sown to field pea of 25% per year. 
Throughout WA the number of growers who have seed on hand and who are planting field pea has never been higher, thus we are 
well set up to have around 100,000 ha of field peas in WA for many years to come.
The most widely sought after and praised output from this project has been the DVD video outlining farmer experiences and 
issues when swathing and harvesting semi-leafless field pea.  We produced close to 1,000 copies of the video which have been 
widely available at key field days such as the Newdegate and Dowerin Machinery Field days and it has been distributed to all 
pulse grower members throughout WA and to purchasers of Kaspa from AWB Seednet in the eastern states.  The information 
available in the video is also summarised in a number of Farmnotes.
For existing growers one of the other highlights has been the availability in user friendly form of the outputs of the "Blackspot 
Manager" time of sowing module on the web (with follow up radio or newspaper articles at key times), which provides clear 
guidelines for a number of locations in WA on the safety of sowing field pea.  We have received feedback from farmers that they 
trust and value this information and the way the Blackspot Model is presented on-line and in the print media.  In 2005 we were 
able to use this information to warn growers off sowing in mid May whilst in 2007 we were able to use the same model to tell 
farmers mid May sowing was safe in many parts of WA.  
With the anticipated increase in WA field pea production being dominated by Kaspa and the foreshadowed release of "Kaspa" 
types the project undertook to promote Kaspa at international food and pulse exhibition/conferences as a "New" Australian Dun 
type with superior quality and manufacturing characteristics to previous Australian Dun varieties. The project produced 
promotional posters, brochures and samples which were used by Western Australian Trade Office Advisers who attended The 
Second Annual Conference on Pulses and Related Industries India conference, New Delhi India, August 21 2005, "Gulfood" 
2006, Dubai, United Arab Emirates, 19-22 February 2006 and the Fourth Annual Conference on Pulses and Related Industries 
India conference, New Delhi India, August 2007. In 2007 Kaspa has received a $15.00 premium over other Australian dun 
varieties in the southern Indian market. In addition in February 2007 Mark Seymour led a delegation from the Pulse Association 
of the South East (PASE) Inc. to India to meet key purchasers of grain and to get a better understanding of the market acceptance 
of dun and Kaspa dun types throughout India.  See attached reports.
We are now of the opinion that there is a sound body of extension material available such that if a farmer from the medium to high 
rainfall zone in southern WA chooses to grow field pea in any given year he will be able to have guidelines of when to sow, what 
to spray, what to look out for and how to harvest. There are still significant issues with species and variety choice/options in low 
rainfall areas throughout WA and in all rainfall zones in the northern agricultural region.
Overview of Project Achievements
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Conclusions
This project has provided sound technical information in a number of forms on how best to grow and harvest field pea.  This has 
led to an unprecedented number of growers purchasing field pea seed and the area sown to field pea approaching 100,000ha for 
the first time.
We have removed the most significant barrier to adoption of field pea in WA- harvesting.  Thus there have been,we believe major 
shifts in grower attitudes to field pea in WA.
Recommendations
Kaspa has been well accepted in most parts of WA, but is not ideally suited to low rainfall areas.  It recovers poorly from stresses 
such as frost and drought compared to trailing varieties like Dundale.  Farmers are keen to see improvements in these attributes in 
a Kaspa background.  Growers in well established pea areas such as Esperance are keen to have a Kaspa line released with 
PSbMV resistance built in.
Blackspot remains an intangible problem, basically stopping the production of field pea in the northern agricultural region.  Field 
pea would be widely grown in the north if blackspot could be overcome, but we see minor improvement in resistance available in 
near release lines not changing the management of blackspot in these areas. It will take dramatic improvements in resistance 
before field pea can be grown widely in the northern agricultural region.
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Other Research and Development Opportunities
DAFWA/ARWA partners are negotiating a project with GRDC which amalgamates lupin, oilseed, oat and pulse agronomy with 
an emphasis on systems agronomy for cereal based cropping systems.  This project will allow continuity of staff and experience 
on field pea throughout WA during its expansion phase, and provide farmers with the necessary technical backup all developing 
agricultural industries require.
Attachments
- Crop Updates proceedings 2004-2007. (Hard copies available on request).
- Farmnotes.
- Focus on field pea articles and summary by Lisa Bertram (Media Liaison Officer, DAFWA).
- Grain Legume Newsletters 2005-2007.
- Travel Report PASE India Feb-March 2007 (Hard copy available on request)
(For detail listing of all attachments/files in this report, please see "Additional Page").
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Provide a summary of any strategies undertaken or planned to facilitate the protection and / or commercialisation of the project's 
realised outputs
NA.
Management of Intellectual Property/Commercialisation
Provide a list of all scientific or technical papers published, and any patents filed
- Lupin Agronomy in Encyclopedia of Grain Science - Bob French
- Pea Agronomy in Encyclopedia of Grain Science - Bob French
- Regan K.L., Siddique K.H.M., Brandon N.J., Seymour M. and Loss S.P.  Response of chickpea (Cicer arietinum L.) varieties
  to time of sowing in Mediterranean-type environments of southwestern Australia (2006).  Australian Journal of Experimental
  Agriculture. 46: 395-404.
- Seymour, M.  (2006).  Narbon bean (Vicia narbonensis L.) agronomy in south-western Australia.  Australian Journal of 
  Experimental Agriculture 46 1355-1362.
- Bulletins and Farmnotes noted earlier and attached - no room here.
Provide a list of any confidential information, if relevant and attach details to this report
NA
Details of International Collaboration
No
Yes
Does this project have international collaboration? 
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NA.
Provide details of the international collaborating organisations/people below
Detail the nature of the international collaboration
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PRIVACY
The personal information you supply will be held on a database by the GRDC.  The information held by the GRDC may also include 
your particular field of interest and in some cases details of some research projects undertaken.  Third parties, such as researchers, 
federal and state agencies, growers and other members of the public, sometimes ask the GRDC to provide contact details.  It is the 
GRDC’s usual practice to pass on the information if it is satisfied that it is for legitimate industry or research purposes.  
If you do not want to have your contact details disclosed in these circumstances, please inform us by ticking the box  below.
No
Certification
Reports to the GRDC should be made by the organisation conducting the research and coordinated through their central 
administrative area.  For example, tertiary education institution reports should be processed through the Registrar or Bursar's office. 
Ensure the Certification details are complete before the form is submitted electronically. The electronic copy received by GRDC will 
be the copy that is evaluated. 
Ensure that one hardcopy of the electronically submitted form is signed by the Project Supervisor and a duly delegated 
representative from the research organization.
 











Name and title of authorised signatory
Emily Harvey, External Funds Liaison
Research organisation signature
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Please use this area to include any additional text to support your report.  Please do not include images.  You may also attach a  
document (e.g. Word, Excel, PDF) limited to a maximum of 5 x A4 pages to this Report. Any additional information will be viewed 
as supplementary data.  The report will only be evaluated on the previous sections of this document.  
Details of Files/Attachments in this Final Report  (bound hard copy):
-  Focus on Field Peas  - Media 2005
-  Farmnote 14/2005 "Successfully harvesting semi-leafless field peas"
-  Farmnote 109 "Swathing semi-leafless field pea"
-  Farmnote 144 "A visual guide to key stages in the growth & maturity of field pea"
-  Farmnote 154 "Field Pea stubble: Wind erosion control & grazing management"
-  Farmnote 15/2005 "Kaspa"
-  Grain Legume News (No. 2: March 2005)
-  Grain Legume News (No. 5: April 2006)
-  Grain Legume News (No. 8: April 2007)
-  Grain Legume News (No. 3: August 2005)
-  Grain Legume News (No. 6: August 2006)
-  Grain Legume News (No. 1: December 2004)
-  Grain Legume News (No. 4: December 2005) 
-  Grain Legume News (No. 7: December 2006)
-  Focus on Field Peas - Media 2006 (by Lisa Bertram)
-  Pea Weevil Model for WA - Media Release
-  Feed stock field peas - Media Release
-  Focus on field peas - Advertisement series "Advice rolls on for new field pea growers"
-  Field Pea column "Good markets for field peas"
-  Field Peas prevent wind erosion - Advertisement/Media
-  Rotational benefits of field peas - Advertisement/Media
-  Harvesting Kaspa different to trailing peas - Advertisement/Media
-  Kaspa Media Release "Kaspa is not for everyone"
-  Misc. Kaspa Media Release
-  Yes you can swath field peas
-  Focus on field peas advertisement - "Field Pea planning pays off"
-  Focus on field peas advertisement - "Basics vital for field pea growth"
-  Focus on field peas advertisement - "When to sow field peas in 2006 - never dry sow field peas"
-  Focus on field peas advertisement - Lack of May rainfall in a few areas reduces sowing window for Field Peas in 2006"
-  Kaspa Quality Brochure
-  Dept of Agriculture & Pulse WA Kaspa Promotion Report
-  Kaspa Quality India posters
-  DAFWA publication (April 2006) on "Field Pea in the Great Southern"
-  Pamphlet/Order Form for DAFWA publication "Producing Pulses in the Northern or Southern Agricultural Region"
For GRDC: 
 (1) A  CD of Final Report DAW00100.
 (2) A  CD of Attachments for Final Report DAW00100.  
 (3) A  DVD on "Swathing and Harvesting Semi-leafless Field Pea".
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2003 PULSE INDUSTRY HIGHLIGHTS
Western Australia (WA) experienced its best season in more than 10 years during 2003.  Conditions
during March and April provided widespread rainfall and warm temperatures in most regions.  Good
follow up rainfall in May and June provided an excellent start to the season.  Most growers had ideal
conditions for weed management and sowing.  Winter rainfall was generally average, but well-timed
rainfall events, few frosts and a low incidence of diseases created expectations for a record crop
harvest.  There was some waterlogging in the south east coastal region, which affected some faba
bean and field pea crops.  Dry cool conditions in spring were ideal for seed development, but rainfall
and scattered hail in November caused harvesting delays and concerns for grain quality in some
regions.
The fungal disease incidence was low in most pulse crops.  Occasional reports of blackspot in field
pea, chocolate spot in faba bean and ascochyta blight in chickpea were received.  Rust occurred late
in the season on several faba bean crops, but caused only minor effects on yield.  Of concern, was the
increasing level of cercospora observed in faba bean trials and crops.  Cercospora has been present
in faba bean crops as a minor disease since the start of extensive commercial production in WA, and
needs to be evaluated for its potential to become yield limiting.  Disease levels were higher in some
pulse crops due to poor paddock selection.  Growers who took risks in 2003 were fortunate that the
dry conditions and limited disease development at many locations in 2002 minimised the disease
impact this season.
Seed yields of pulse crops were generally good, but variable.  On average, commercial yields ranged
from 0-1.0 t/ha for desi chickpea, 0.7-3.7 t/ha for field pea, 1.5-2.8 t/ha for faba bean, 0.6-2.0 t/ha for
lentil and about 1.5 t/ha for vetch.  Prices for pulses towards the end of 2003 and the beginning of
2004 were less than last year, reflecting the strength of the Australian currency.  Field pea and faba
bean prices have fluctuated around $200/t and $240/t, respectively.  Prices for desi chickpea have
hovered around $300, while red lentil prices have remained firm at around $400-430/t.
The area of pulse production in WA during 2003 was similar to 2002, largely in response to the
emphasis on cereal production in 2003 following the drought in 2002 and concerns with disease
(chickpea and faba bean).  The area of field pea was steady around 70,000 ha.  The area of
production for each of the other species (chickpea, faba bean, lentil and vetch) was less than
10,000 ha.
A new variety of field pea, Kaspa, developed by the Victorian Department of Primary Industries (DPI)
and NSW Agriculture, generated considerable interest during the year.  This variety is a semi-leafless
dun type with improved standing ability, and low pod shattering. Kaspa produced more than 3.5 t/ha in
farmer-scale trials at Scaddan and Borden during 2003, out-yielding other varieties by almost 1.0 t/ha.
Helena and Sturt produced the greatest yields in variety evaluation trials this season, although
Snowpeak, Kaspa and Dunwa also performed well yielding at least 20% greater than Dundale.
Agronomic, weed and disease management packages for pulse varieties continued to be developed in
all regions through an extensive field program including about 100 trials in 2003.  Research continued
on variety and germplasm evaluation as well as large scale field pea variety trials.  Experiments
included studies on the tolerance of pulses to herbicides, the use of polymers to reduce pod shatter in
field pea, the effect of desiccation and seed moisture on pulse yields, pulse viruses and resistance to
nematodes.  Work on the epidemiology of major fungal diseases of pulses continued during the 2003
season.  A number of projects continued through the Centre for Legumes in Mediterranean Agriculture
(CLIMA) at the University of Western Australia, including the genetic characterisation of wild chickpea,
utilisation of annual wild chickpea species for chickpea improvement, Helicoverpa resistance of
chickpea, use of rapid recurrent selection for improved blackspot and stem strength in field pea,
production and yield stability of lentil in Australia and Nepal, and environmental and storage
discolouration of faba bean.
Two promising lines of desi chickpea, WACPE2075 and WACPE2095, are being commercialised in
2004.  The new varieties have ascochyta blight resistance better than Howzat, 5-20% greater yield
than Sona and good seed quality.  Seed of the new varieties will be available to growers in 2005.
Although fungicide applications will still be necessary, the requirement will be reduced compared to
current varieties.  The cheaper and more efficient disease management that will be possible with these
improved disease resistant varieties will be the first positive step in a turn around of the chickpea
industry.
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Evaluation of kabuli chickpea germplasm introduced from overseas continued in 2002.  Several kabuli
chickpea lines from the International Centre for Agricultural Research in the Dry Areas (ICARDA) have
demonstrated superior ascochyta resistance and agronomic adaptation in Australia.  The level of
ascochyta blight resistance demonstrated in the kabuli crossbred lines is greater than any of the desi
chickpea varieties being considered for commercial release.  Australia-wide evaluation and seed bulk-
up in WA was undertaken in 2003, with variety release anticipated for 2004/05.  Following evaluation
of large seeded kabuli chickpea lines introduced from Spain, Greece and Mexico in the Ord River
Irrigation Area (ORIA) over recent years, a new variety will be released in 2004.  The new variety has
superior yield and larger seed size compared to Macarena, the current standard variety.
New advanced lentil lines developed from crosses made in the Coordinated Improvement Program for
Australian Lentils (CIPAL) with improved disease resistance and agronomic characteristics (height and
biomass) are now being evaluated in interstate trials.  The release of a new red and green variety is
expected in 2004/05.  Two new faba bean varieties were also released in 2003: Cairo and Farah.
Cairo was released from the NSW node of the National Breeding Program and is aimed primarily at
northern regions of the Eastern States.  Evaluation trials in WA over the past three years show that
this variety is also well suited to the northern agricultural region of WA.  It produces greater yields than
Fiord, but is slightly more susceptible to ascochyta blight, so is unsuitable for southern areas.  Farah
was released from the SA node of the national program.  It is an ascochyta resistant selection of
Fiesta.  This variety will provide considerable yield and seed quality improvements for growers in
ascochyta blight prone areas.  New varieties of narbon bean (N9701*003) and Lathyrus sativus
(Lathyrus 20B) are also in the pipeline for release in 2005/06.
During 2003 the data available from the Department of Agriculture, Western Australia (DAWA)
experiments conducted over recent years was used to make a case for a minor use permit for Raptor.
This was submitted by PulseWA on growers’ behalf and approved by the Australian Pesticides and
Veterinary Medicines Authority (APVMA) in December 2003.  This now allows the legal use of up to
45 g/ha Raptor with the addition of wetting agent only (no oils or other chemicals) to faba beans at the
3-6 node growth stage (approx. 30 to 40 days after sowing) for the 2004-06 growing seasons.  There
is no withholding period (WHP) for harvest, but for grazing a WHP of 6 weeks after application should
be adhered to.
Pulse field days were organised throughout the growing season.  These were generally well attended
with about 10-80 growers present at each meeting.  Pulse field walks were held at trial sites on
farmers’ paddocks throughout the grain belt, which allowed first hand observation of current work on
pulse management and new varieties.  Press releases, television and radio interviews, newspaper and
magazine articles by the project team helped promote pulses in WA.  About 10 farmnotes and
technical bulletins were published and eight issues of ‘On the Pulse’ newsletter were produced during
the year.  A total of three scientific papers, nine conference and workshop papers, and one review
article on pulses were published during 2003.
A highlight of the season was a successful conference on field peas held at Wooroloo in September
and a ‘Field Pea Agronomists Master Course’ organised following the conference.  Field Pea Focus
WA 2003, presented a wide range of information on field peas from paddock to plate.  The conference
included a field day, focused on the vast improvements in varieties, agronomic management and
technological support in recent years, and up to date details on marketing.  There was a wide range of
speakers with various areas of expertise on field peas including Geoffrey Gent, Director of Processors
and Growers Research Organisation (PGRO), United Kingdom (UK), researchers from WA and
interstate and marketers (John Orr and Kim Rintoul).  Presentations by two growers, Mr Neil Wandel
from the Esperance region and Mr Gerard O’Brien from York, highlighted the value of field peas in the
farm rotation.  Both growers have enjoyed greater profits from field peas through better management
of weeds and nematodes, improved wheat yields and a generally more sustainable farming system.
They left the message that they can’t afford NOT to grow field peas.
Agribusiness Crop Updates 2004
Crop Updates is a partnership between the Department of Agriculture, Western Australia and
the Grains Research & Development Corporation
-3-
Table 1. Monthly rainfall at experimental sites in 2003
Trial site J F M A M J J A S O N D Total M-O
Bencubbin 1 22 11 17 46 24 27 72 23 5 32 1 281 197
Bindoon 0 74 35 58 134 105 95 126 67 9 38 n/a1 741 535
Borden 0 25 46 41 50 29 66 65 73 71 17 9 492 354
Carnarvon 0 0 10 2 10 45 4 16 1 0 6 0 94 76
Dongara 0 3 25 14 96 97 85 103 59 10 4 n/a 496 450
Geraldton 0 0 26 10 73 49 93 97 50 7 11 0 416 369
Katanning 0 9 37 39 47 53 47 66 66 28 13 3 406 306
Kununurra 42 229 87 14 0 4 0 0 3 4 26 63 472 11
Lake Grace 0 29 24 22 37 28 35 70 54 13 21 10 344 237
Medina 1 15 47 113 99 149 143 117 93 28 21 1 825 628
Merredin 0 49 12 28 66 33 40 58 28 10 7 10 341 235
Mingenew 0 3 24 0 35 62 38 113 68 16 18 7 384 333
Mt Barker 4 52 22 66 74 48 90 138 123 55 13 8 693 528
Mukinbudin 0 41 16 27 41 17 27 73 13 3 39 n/a 297 175
Mullewa 2 3 17 9 21 37 23 54 22 4 25 0 217 160
Muresk 0 17 47 28 70 82 47 77 53 n/a n/a n/a 422 329
Nyabing 0 42 43 30 34 30 43 71 69 12 3 2 379 259
Pingrup 9 81 54 23 30 27 25 49 49 41 10 8 406 221
Scaddan 0 51 4 32 63 54 85 56 63 35 53 5 500 355
Speddingup 20 61 24 39 85 28 79 43 61 n/a n/a n/a 440 296
Williams 0 11 33 61 69 91 90 85 66 31 37 7 581 432
York 0 18 8 39 61 79 59 92 47 5 20 6 434 343
Lake King 2 43 37 11 51 22 49 51 43 15 5 4 332 230
Woodanilling 3 1 45 27 55 50 50 69 65 27 7 3 402 316
1 n/a = not available.
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CONTRIBUTORS
Research reported here has been conducted by a wide range of people from several institutions in
WA.  The Grain Legume Development Project at DAWA has taken the lead in developing and editing
this book.  Telephone numbers and E-mail addresses for principal authors of articles have been listed
to encourage interested readers to contact the authors for further information.  In some cases, the
results presented in this book are only preliminary and will be analysed in more detail throughout the
year.
Contact details of principal authors
Name Organisation Phone E-mail
Abbas, Nasar CLIMA 6488 2505 abbass01@agric.uwa.edu.au
Beeck, Cameron University of Western Australia 6488 1992 cbeeck@agric.uwa.edu.au
Beermier, Rodger Department of Agriculture 9821 3274 rbeermier@agric.wa.gov.au
Bowden, Bill Department of Agriculture 9690 2149 bbowden@agric.wa.gov.au
Clarke, Heather CLIMA 6488 1648 hclarke@cyllene.uwa.edu.au
Galloway, Jean Department of Agriculture 9690 2146 jgalloway@agric.wa.gov.au
Harries, Marty Department of Agriculture 9956 8553 mharries@agric.wa.gov.au
Jones, Roger Department of Agriculture/CLIMA 9368 3269 rjones@agric.wa.gov.au
Khan, Tanveer Department of Agriculture 9368 3602 tkhan@agric.wa.gov.au
MacLeod, Bill Department of Agriculture 9690 2172 bmacleod@agric.wa.gov.au
Pritchard, Ian Department of Agriculture 9690 2158 ipritchard@agric.wa.gov.au
Regan, Kerry Department of Agriculture 6488 1983 kregan@agric.wa.gov.au
Ridsdill-Smith, James CSIRO, Entomology 9333 6640 James.Ridsdill-Smith@csiro.au
Riethmuller, Glen Department of Agriculture 9081 3146 griethmuller@agric.wa.gov.au
Seymour, Mark Department of Agriculture 9083 1143 mseymour@agric.wa.gov.au
Shan, Fucheng CLIMA 6488 7193 fshan@agric.uwa.edu.au
Siddique, Kadambot CLIMA 6488 7012 ksiddiqu@fnas.uwa.edu.au
Van Gool, Dennis Department of Agriculture 9368 3899 dvangool@agric.wa.gov.au
Vanstone, Vivien Department of Agriculture 9368 3141 vavanstone@agric.wa.gov.au
White, Peter Department of Agriculture 9368 3508 pfwhite@agric.wa.gov.au
CAUTION:  UNREGISTERED PESTICIDE USES
Any research with unregistered pesticides or of unregistered products reported in this document does
not constitute a recommendation for that particular use by the Department of Agriculture.  All pesticide
applications must accord with the currently registered label for that particular pesticide, crop, pest and
region.
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BACKGROUND
Grain legumes are an important part of Australian agriculture providing farmers with a diversified
income and an effective means of managing weeds, disease and protein levels in cereals.  Narrow-
leafed lupin (Lupinus angustifolius) has been established as a vital crop in WA over past 30 years on
deep coarse-textured soils with a neutral to acidic pH.  Research in the last ten years has now
established other pulses as viable cropping options for the neutral to alkaline soils.  Growers looking to
intensify their cropping require one or more pulses for these soil types.
Chickpea (desi and kabuli), lentil (red and green), faba bean, field pea and albus lupin are crops that
are fully domesticated and used for human consumption in established markets.  These grain legumes
are termed pulses.  Other species that are mainly used for animal feed or green manures include
grass pea (Lathyrus sp.) narbon bean, vetches and rough seeded lupins.  Vetch and narbon bean
have already gained popularity in WA, especially in the southern regions, where they have been used
as cover, hay and grain crops.
The pulse area in WA increased sharply from about 25,000 ha in 1990 to almost 170,000 ha in 1999.
The area has since declined to about 100,000 ha in 2003.  Much of the increase in pulse area prior to
1996 was due to expansion in the chickpea and faba bean industries as the enormous potential of
these crops were recognised by growers.  Much of the recent decline in the pulse area, ironically, has
also been due to reduced plantings of chickpea and faba bean, because of disease epidemics and
adverse conditions (late breaks).  In contrast, the field pea area has steadily increased since 1996 and
now dominates pulse plantings (70,000 ha).  The main reasons for the rise in the field pea area have
been the release of improved varieties, agronomic packages, higher prices and the lack of an
alternative pulse.  Chickpea and faba bean nevertheless have a demonstrated great potential in WA
and a renewed optimism in these crops is expected with the release of improved disease resistant
varieties in the near future.
Agronomic research and genetic improvement of pulse crops within DAWA other research
organisations has intensified over the last ten years and is focussed on the development of new locally
adapted pulse varieties of chickpea, field pea, faba bean and lentil with greater yield, quality and
disease resistance.  Crop production and integrated management packages for potential new varieties
are being developed and fine-tuned for different regions across the grainbelt.  Other aspects of
disease, weed and pest management, and crop husbandry (e.g. harvesting, application of inoculum)
are also being investigated, while more fundamental research into genetic, molecular marker, crop
adaptation and grain quality is progressing through CLIMA.
By 2012 we anticipate that field pea, chickpea and faba bean will be well established as mainstream
cropping options for growers in WA.  Lentil will still be regarded as a specialty crop, but will be grown
on a larger and more stable area.  The total pulse area should expand to 300 to 350 thousand
hectares, producing an industry of over $100 million.  Furthermore, the stable supply of pulses will
enable the processing and packaging industries to have developed so that, in addition to bulk
commodity exports, a growing proportion of our pulses will be packaged and exported directly to
supermarket shelves in Europe and Asia.
In the longer term, the potential for pulses throughout the WA grainbelt, based on soil types and likely
rotations, is over 500 thousand hectares.  This includes more than 170,000 ha of chickpeas, 100,000
ha of faba beans, 200,000 ha of field peas, 30,000 ha of albus lupin, 5,000 ha of kabuli chickpea, and
20,000 ha of lentil and 40,000 vetch.
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M. Harries, Department of Agriculture, Western Australia
The 2003 season could not have been a greater contrast to the drought of 2002 for most farmers in
the northern region.  Yields of all crops were at or near record levels throughout the districts.  The
season started well with isolated rain in April followed by more widespread rainfall from mid-May
onwards.  Crops were sown in good time and generally established well.  Rainfall was close to long-
term averages in most districts but with a good autumn break, well-timed rain events and a wetter than
average August, finished crops well.
Desi chickpea lines including WACPE 2075 and WACPE 2095 were successfully bulked up at
Geraldton and given approval for commercial release.  Eastern States lines including FLIP 94-508c
and ICCV 96836 were also tested and displayed good ascochyta blight resistance.  Ascochyta blight
management in commercial crops ranged from extremely poor to very good.  Disease was evidently
worse where the recommended fungicide management package of early fungicide application was not
adhered to.  Sona was the most widely grown chickpea variety.  Chickpea crops were grown mainly in
low rainfall areas which have lower ascochyta risk, and achieved of about 1.0 t/ha on rainfall of about
220 mm.
The development of ascochyta blight resistant kabuli chickpea continued with trials of promising
crossbred lines at Dongara and Mingenew.  Ascochyta blight resistance of the kabuli types again
proved to be robust with a two-spray fungicide strategy, even in the high rainfall zone.  Yields of
potential new varieties compared very well with Kaniva and seed of the best crossbred lines will be
bulked up again in 2004.
Yields of faba beans were excellent this year exceeding 2.0 t/ha in the higher rainfall zone.  Early
sowing opportunities allowed growers further inland to sow faba beans and good crops were produced
east of Mingenew.  Cairo, a new variety with better resistance to cercospora and rust and yields higher
than Fiord, was released in 2003 and shows excellent potential for the northern cropping region.
Trial yields of Digger and Cassab were typically 1.7 t/ha and again lentil was one of the most profitable
pulse crops grown in trials.  Post-emergent herbicide tolerance and variety evaluation continued.
Brodal® application produced visual damage in trials, but this did not translate to reduced yield.
The new field pea variety Kaspa is an exciting development.  In the north, Kaspa consistently yielded
above Dundale, but it has a longer duration from sowing to flowering than Helena and Parafield
making it less suited to the low rainfall zones.  Yields of field peas in the region were between 1.0 and
1.7 t/ha.
The Mid West Pulse Growers Association (MWPGA) had a successful year with renewed interest in
pulses driven by the good season, new improved varieties on the horizon (particularly of chickpea and
albus lupin) and good pulse crops across the district.  The group continued to be active with
newsletters, trial reports, workshops, field walks, field days, harvest breakfasts and for the first time a
very successful spring pulse crop tour.  The Grain Legume Productivity project continued to support
the group with many of the demonstrations and trials used as talking points at the various extension
activities.
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Central Agricultural Region
I. Pritchard, Department of Agriculture, Western Australia
The 2003 season began well with the entire central region receiving average or better rainfall for the
months of April and May.  This allowed cropping programs to be sown ‘on time’ for the first time in a
number of seasons.  Rainfall for the remaining winter months and spring was generally below average
but the timing of the rain for most (there were some exceptions) was excellent resulting in average or
better yields for all crops in the central region.  Wet weather at harvest was an issue for some growers
but this did not affect many pulse crops due to their early maturity.
Most interest in pulse crops centred on field peas and the new semi-leafless variety Kaspa with its
touted higher yields and improved standing ability at harvest.  Kaspa performed exceptionally well out-
yielding all the other named dun-type varieties and standing head and shoulders above the others at
harvest.  Field pea yields ranged from 1.2-1.8 t/ha for the region.
The good start to the season saw renewed interest in faba beans, however due to the previous dry
seasons limited seed was available for 2003 and so few faba bean crops were grown in the central
region.  Those crops that were sown on good summer rain in low rainfall areas were impressive and
again showed faba beans to be a very useful opportunity crop.  Chocolate spot was observed for the
first time since 1999 but successfully managed.
A number of chickpea crops were grown in the region. Growers’ attempted to capitalise on the lack of
chickpea grown in the region in the previous two seasons, thereby hoping to escape ascochyta blight
and the necessity for fungicide sprays.  By the middle of the season ascochyta blight was evident in all
chickpea crops that had not received the recommended early preventative fungicide application.
Chickpea yields generally ranged from 0.6-0.8 t/ha.
The Central Districts Pulse Grower’s Association, which resumed activities during 2002 as POLA
(Pulse-Oilseed-Lupin-Association) widened its focus to become the Ninghan Farm Focus Group in
2003.  The aim of the group is to represent eastern wheatbelt farmers to government, industry,
research institutions and funding bodies.  A field walk/trial inspection was held in early October at
Mukinbudin with the group actively seeking membership in the eastern grain belt.
Great Southern and Lakes
R. Beermier, Department of Agriculture, Western Australia
Early rains fell throughout the region during February and March encouraging growers and industry
people alike that a good season was unfolding.  Further rainfall events throughout the year culminated
in an ideal season ending with yields ranging from good to exceptional.
Field pea yields were quite uniform throughout the region and averaged between 1.8-2.2 t/ha with the
bulk of production either Dundale or Parafield varieties.  Shipment of field peas began from the Albany
port zone as deliveries to the Nyabing bin reached over 5,000 tonne.  This is a stark contrast to 2002
when the first field pea delivery bin opened in the Great Southern was at Pingrup and only 45 tonne
was delivered.  In 2003, both Nyabing and Katanning bins were also opened and in total received just
below 1,000 tonnes.  This provides a steady platform from which to continue to promote and develop
field pea production within the great southern.
The area of faba beans also rose in 2003 with the advent of early rains.  Early sown crops, some as
early as mid-April that were protected adequately with timely fungicide application yielded well over
2.0 t/ha.  Typically faba bean yields through the region ranged from 1.0-2.5 t/ha with only isolated
incidence of fungal disease.
The Great Southern Pulse Growers Association (GSPGA) organised a combined trial site at Nyabing
with collaboration from DAWA, WA Lucerne Growers, Summit Fertilisers and Murdoch University.  A
wide range of trials were located at the site including field pea and wheat time of sowing, wheat by
fungicide, granular inoculum and lucerne over-sown with wheat.  The site created a good level of
interest and the two field days held there were well attended.
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The other major research sites included Lake King and Borden where two large-scale field pea trials
were located.  At Lake King, Dunwa produced the greatest yield while the new variety Kaspa yielded a
staggering 3.7 t/ha at Borden.  Uptake of this variety will only be limited by the amount of seed
available in 2004.
Esperance Mallee
M. Seymour, Department of Agriculture, Western Australia
2003 produced one of the highest yielding seasons in memory for all grains in the Esperance region.
In the Northern Mallee, Kumarl and Salmon Gums regions, many growers produced field pea crops of
well over 2 t/ha.  Yields were more variable and generally lower in the Southern Mallee due to
sporadic waterlogging and blackspot damage.  Frosts were scattered and light with only isolated cases
of crop damage.
Over 44,000 tonnes of field peas were delivered to the Esperance port, setting a new tonnage record.
This tonnage record comes just two years after 30,000 tonnes were delivered to port in 2001 and
shows that this level of pea production will be maintained.  This sets Esperance to become a stable
zone for field pea production for many years.
The field pea yields obtained by growers indicate that through experience they have become proficient
producers and have capitalised on a good growing season.  However, interest has been very high in
Kaspa as a replacement field pea variety with growers still striving for greater yields.  Farmers who
grew the test plots or multiplication plots of Kaspa have been very impressed.  Kaspa produced yields
similar or better than other field pea lines and varieties, and the robustness of this variety in inclement
harvest conditions was excellent, with very low levels of pod shatter or serious lodging.
Faba beans grew very well in the wet conditions of 2003 as would be expected due to their good
waterlogging tolerance.  Pod set was slow, which was a concern but eventually plants podded well.
As a result of the extended period between the commencement of flowering and pod set, the pods
were well off the ground and easy to harvest with commercial yields of around 1.8 t/ha.  Plant breeding
continued in the region in conjunction with the National Faba Bean Improvement Program (NFBIP).
Germplasm was evaluated at Speddingup with new lines visually superior to Fiord and Fiesta and
attracting good interest at the PASE field day.
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P. White, Department of Agriculture, Western Australia and CLIMA, The University of Western
Australia
The early consistent rains enabled faba bean to demonstrate its high yield potential during 2003.
Many crops sown in April and early-May produced very high biomass and flowered early and over an
extended period.  There were some concerns that plants were flowering without setting pods, but in
most cases plants eventually podded well and high yields were produced.  Some crops were patchy
with areas of well podded and poorly podded plants.  Waterlogging, particularly in the Esperance
region, was probably the reason for this.  Yields ranged from about 1.5 to 2.8 t/ha.  The early sowing
opportunities also saw the total area of faba bean production increase by about 12% compared to the
difficult 2001 and 2002 seasons.  Excellent crops were seen as far east as Beacon.
The disease cercospora, limited yields of some crops for the first time in 2003.  Cercospora causes
minor leaf lesions in most years, but has never threatened yields.  This year however, cercospora
occurred at high levels with severe lesions during early vegetative growth on crops in the northern and
great southern regions.  Because of its unusual nature, the disease was not recognised early and
fungicides were applied too late for effective control.  The disease infected pods, reduced yields and
caused some seed discolouration.  Fortunately, resistant germplasm was identified in a germplasm
trial at Dongara where cercospora also occurred.  Severe rust infections on some crops in the
Esperance region occurred late in the season.  The impact of the disease on yields was minimal
because of its late occurrence.  Chocolate spot and ascochyta blight levels were low and occurred
sporadically in the great southern and south east regions. Fungicide applications controlled these
diseases in all cases.  There were no reports of yield reduction from either disease.
Two new varieties released during the year provide further advantages to faba bean growers in the
future.  Farah (line number 483/3 in the tables presented) is an ascochyta resistant selection of Fiesta
developed in South Australia.  Its ascochyta blight resistance is almost as good as Ascot and it has
moderate resistance to chocolate spot, similar to Fiesta.  In yield evaluation trials to date, the yield of
Farah has been the same as Fiesta (~93% of Fiord).  This variety should replace Fiesta and offers a
good alternative to Ascot in ascochyta blight prone areas.
Cairo (line number SP95054 in the tables presented) shows slightly better resistance to chocolate spot
than Fiord (not as good as Fiesta or Farah), but slightly lower levels of resistance to ascochyta blight.
It has good rust resistance.  Cairo is the first variety that has produced greater yields than Fiord over a
range of locations and seasons.  So far it has produced about 11% greater yield than Fiord, but further
yield trials are still needed.  It is earlier flowering than Fiord and has excellent seed quality.  This
variety should offer reliable yield gains to growers, but will only be suited to areas north of Moora
where ascochyta blight is not a serious disease of faba bean.
Prices remained close to the $300/t for most of 2003.  The rising Australian dollar however, has put
pressure on prices.  At this stage it seems that prices are likely to remain at average levels during
2004, drifting between $200 to $250.
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Germplasm evaluation
P. White1,2, T. Pope2, M. Harries1, M. Seymour1, R. Beermier1 and L. Young1
1Department of Agriculture, Western Australia
2CLIMA, The University of Western Australia
Faba bean cropping in WA primarily involves three varieties: Fiord, Ascot and Fiesta.  These varieties
are generally well suited to WA and have allowed a profitable industry to be established.
Unfortunately the inherent inadequacies of these varieties also limit the expansion of the industry.
Fiord is consistently the highest yielding variety over a wide range of environments but it is very
susceptible to the diseases chocolate spot, ascochyta blight and rust.  Ascot is a derivative of Fiord
and has good resistance to ascochyta blight, but is susceptible to chocolate spot and produces less
yield than Fiord.  Fiesta has slightly better resistance to chocolate spot than Fiord and better seed
quality but produces low and variable yields (70%-100% of the yield of Fiord) due to its later flowering
and poorer adaptation to the WA growing conditions.
The research described here is part of the National Faba Bean Improvement Program (NFBIP) and is
designed to identify germplasm with superior yield, disease resistance and seed characteristics that
have potential for release as new varieties for WA.  Results from three sets of trials are presented.
The Stage 2 (S2) trial evaluated 128 lines and was located at one site (Bindoon).  This trial was used
for preliminary yield evaluation and multiplication of seed for the Stage 3 (S3) trials.  Four S3 trials
evaluated 74 to 81 lines, depending on location.  Two of the S3 sites (Dongara and Merredin) are
on-going yield evaluation/ disease nurseries that have been located at the same site since 2000 in
order to build up disease inoculum.  Relocation of the other two sites (Katanning and Scaddan)
prevents build up of disease inoculum.  These trials are used to identify germplasm with potential for
variety release and progression to further testing in the Stage 4 (S4) trials.  An S4 trial was conducted
at only one site (Borden) in 2004 because of limited seed availability.  S4 trials are used to evaluate
new variety releases from other nodes of the national program and the final stage of testing for
superior germplasm identified in the S3 trials.
Most of the germplasm tested in these trials came from the NFBIP two breeding nodes in NSW and
SA.  Some of the accessions came directly from the germplasm collection of ICARDA.  A small
number of lines are selections identified in WA.
The S2 and S3 trial had a balanced incomplete block design with two replications, but plots of Fiord
were replicated five times.  The S4 trial had a randomised complete block design with three replicates.
Seed availability governed plot size.  The S2 trial had single row plots 5 m long and grown on 4 m
centres.  Plots in the S3 trial contained 4 rows, were 1.4 m wide x 10 m long, and were sown on 1.5 m
centres.  The S4 trial had six row plots, 1.4 m wide x 20 m long plots sown on 2 m centres.  Seeds
were divided into two weight groups (< 80 g and > 80 g/100 seeds) and sown at a constant rate within
these groups.  Recommended herbicide and insecticide rates were at all sites.  Fungicide was not
applied at any site.  Yield calculations assumed a 1 m plot width for the S2 trials and 2 m plot widths
for the S3 and S4 trials.
Seed yields of lines in the S2 trial at Bindoon varied between 58 to 3380 kg per hectare (results not
presented).  More than 50% of the lines (75) produced greater yields than Fiord.  The top 15 lines
were hybrids developed from the breeding programs at NSW (9 lines) and SA (6 lines).  This contrasts
with the S3 and S4 trials where most of the better yielding lines were accessions selected directly from
imported germplasm (Tables 2-6).  This indicates the progress of the National Breeding Program and
its success in developing lines adapted to WA environments.
Several lines in all trials produced substantially greater yields than Fiord.  The line SP95054 and
selections from this line (SP95054/DAW02-1 and SP95054/DAW02-1) were amongst the greatest
yielding lines at Dongara (Table 2).  The accession Acc1021 also produced large yields at Dongara.
This line was derived from the same population that produced SP9505, which in turn produced Cairo.
Consistently high yields for these lines over the past three years at Dongara indicate that Cairo will
produce good yield advantages for growers in the northern agricultural region.
Moderately severe disease infection caused by cercospora occurred in the trial at Dongara.  Pods
became infected and some seeds were stained.  Yields however, were not correlated with disease
scores.  Acc1322/2 showed significant resistance to the disease but produced only 82% of the yield of
Fiord.  Acc1103/3 showed good resistance to cercospora and produced high yields.
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SP95054/DAW02-2 40 5 5 4490 135
1021 45 4 7 3820 115
735*683/15 1 5 4 3710 111
1307/5/DAW02-4 75 5 4 3700 111
SP95054/DAW02-1 70 5 5 3640 109
SP95054 75 5 6 3580 107
1103/3 8 3 3 3500 105
1269/4 8 5 4 3410 102
Fiord 21 5 4 3340 100
HB11 25 5 5 3330 100
SP98002 55 5 5 3290 99
SP95055 55 4 5 3280 98
SP98046 90 6 5 3250 97
483/1 25 5 6 3250 97
SP99145 65 5 6 3240 97
S95007/7 30 5 4 3230 97
SP99199 45 4 6 3220 96
1476/1 85 5 5 3200 96
483/3 30 5 4 3200 96
930/1 45 5 5 3200 96
SP99203 73 4 3 3200 96
920/3 3 5 3 3190 96
SP99046 65 5 5 3170 95
1291/3 1 5 5 3170 95
S95005/2 15 6 3 3140 94
483*1270/31 0 4 3 3110 93
SP98066 70 5 5 3080 93
Fiesta 10 5 6 3080 92
483*683/6 18 5 4 3050 91
1503/1 40 6 7 3050 91
SP99068 78 5 5 3040 91
1038*286/31 90 5 5 3040 91
SP95039 28 5 4 3020 91
1227/1 0 5 3 3010 90
1270 23 5 4 3010 90
683*834/21 30 5 4 2960 89
611*974/36 1 5 5 2960 89
483*683/2 1 5 3 2960 89
JX4-17DAW02-10+11 35 5 4 2950 88
974/DAW02-6 100 5 9 2930 88
Ascot 13 5 5 2920 88
SP99210 65 6 4 2920 88
LSD 5% 11.1 0.7 1.0 303.3 -
cv% 13.6 14.1 23.6 10.3 -
1 Lines producing less than 88% of the yield of Fiord omitted.
2 Cercospora scored on 5/9/03.  1 = no disease, 9 = severe.
3 Lodging scored on 16/10/03.  1 = upright, 9 = prostrate.
Agribusiness Crop Updates 2004
Crop Updates is a partnership between the Department of Agriculture, Western Australia and
the Grains Research and Development Corporation
-12-












1307/5/DAW02-4 75 2 2 2130 123
1324/3 89 2 2 2100 121
S95005/2 84 1 2 2040 118
611*1056/11 94 1 4 2010 116
482*1038/24 101 1 2 1910 110
1330 93 1 1 1850 107
611*974/25 94 1 2 1840 106
1253/1 104 1 2 1750 101
1270/3 91 1 2 1740 100
Fiord 84 3 2 1730 100
683*165/1 87 1 2 1730 100
1287/4 79 3 3 1730 100
1270/2/DAW31 86 3 1 1710 99
483/3 87 1 2 1710 99
880/3/DAW02-5 83 2 2 1710 99
974*722/11 88 1 2 1700 98
Fiesta 86 1 2 1700 98
Ascot 87 1 2 1690 97
611*722/46 91 1 4 1680 97
SP95054/DAW02-1 80 4 3 1650 95
Manafest 99 2 2 1650 95
(IC*AS)*FIESTAAR/5 94 1 2 1640 94
1270/3/DAW33 94 2 1 1640 94
1274/3 90 2 2 1640 94
683*482/21 97 1 2 1620 93
IC*AS/56/1P 97 1 2 1620 93
482*1038/27 90 1 2 1610 93
483/1 80 1 2 1610 93
SP95055 85 1 2 1600 92
864/3 95 1 2 1590 92
1419/2 76 1 2 1580 91
1281/3 92 4 4 1540 89
611*722/28 88 1 3 1510 87
S95003/4 88 1 2 1510 87
SP95054 76 4 2 1500 87
SP95039 82 2 3 1490 86
1021 81 2 2 1470 85
483/2 83 1 2 1470 85
1421/1/DAW53/54 79 5 3 1460 84
1247/1 101 3 3 1460 84
1307/5 95 1 1 1460 84
1485/1 88 3 2 1450 84
LSD 5% 1.2 0.6 0.5 333.8 -
cv% 2.1 30.9 26.9 20.4 -
1 Lines producing less than 84% of the yield of Fiord omitted.
2 Ascochyta scored on 1/10/03.  1 = no disease, 9 = severe.
3 Lodging scored on 1/10/03.  1 = upright, 9 = prostrate.
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JX4-17 30 3 3 1450 110
(IC*AS)*FIESTAAR/4 60 1 4 1450 109
1021 70 1 5 1420 108
FIESTAAR*(IC*AS)/2 45 1 4 1390 105
483/3 40 1 3 1350 102
1352 50 1 3 1340 102
483/5 70 1 3 1320 100
Fiord 70 2 3 1320 100
1476/1 80 1 6 1320 100
1483/1 40 2 4 1310 99
1420/2 60 6 4 1300 98
1554 70 3 4 1300 98
Ascot 70 1 4 1300 98
SP95039 80 3 3 1290 97
SP95054/DAW02-2 70 1 3 1290 97
1287/4/DAW37 50 4 6 1260 95
1555 45 3 3 1240 94
SP95054/DAW02-1 75 2 4 1240 94
HB11 80 2 3 1240 94
483/2 65 1 3 1230 93
610*722/9 40 3 3 1220 92
1473 70 3 4 1210 91
SP95054 45 3 3 1210 91
(IC*AS)*FIESTAAR/9 35 1 4 1190 90
1269*483/6 80 2 2 1180 89
1300/7 10 1 3 1180 89
483/1 40 1 3 1170 88
683*482/21 10 1 3 1170 88
1309 0 1 4 1160 88
668*683/15 65 1 4 1150 87
1307/5/DAW02-4 80 1 5 1120 85
IC*AS7/2 10 1 4 1100 83
SP95055 70 1 4 1100 83
1324/3 40 1 4 1090 82
33/3 55 1 2 1090 82
483*683/14 70 1 3 1060 80
610*722/10 70 2 4 1060 80
Fiesta 65 1 2 1050 79
HB5 65 2 3 1020 77
1557 50 3 7 1010 76
611*722/20 30 2 7 1000 76
Manafest 5 1 3 1000 75
LSD 5% 28.4 1.2 1.0 371.1 -
cv% 56.7 43.3 30.1 18.1 -
1 Lines producing less than 75% of the yield of Fiord omitted.
2 Ascochyta scored on 7/8/03.  1 = no disease, 9 = severe.
3 Lodging scored on 25/9/03.  1 = upright, 9 = prostrate.
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HB5 23 2 3 2910 144
1269/4 5 4 2 2910 144
SP95054 95 5 2 2890 143
IC*AS7/2 10 3 2 2840 141
1108/1 5 3 1 2820 140
1021 55 4 4 2760 137
SP99068 100 4 2 2690 133
Manafest 0 5 3 2610 129
1601 5 5 5 2580 128
JX4-17 10 4 4 2570 127
1269*483/6 25 4 2 2560 127
SP95055 63 3 2 2560 127
1269/8 0 4 2 2490 123
SP95054/DAW02-1 65 5 2 2450 121
(IC*AS)*FIESTAAR/9 13 4 4 2440 121
1287/4/DAW38 0 1 2 2430 120
HB11 28 6 4 2420 120
1244/1 5 5 2 2410 119
1247/1 5 2 4 2400 119
1271/1 15 4 3 2370 117
482*1038/? 10 3 3 2360 117
1246/3 5 3 7 2360 117
611*722/3 0 4 2 2350 117
SP95039 38 5 4 2350 116
1287/4/DAW37 25 4 2 2350 116
FIESTAAR*(IC*AS)/3 15 6 2 2340 116
1226/5 0 2 2 2340 116
1352 35 1 1 2320 115
610*722/9 10 5 5 2260 112
SP95054/DAW02-2 55 6 2 2250 111
483*683/14 10 4 1 2210 110
Fiesta 23 6 2 2200 109
1420/2 100 4 3 2190 108
483/2 93 6 2 2160 107
HB12 75 5 4 2160 107
1489/1 10 4 2 2150 106
BPS7 18 6 3 2130 106
SP98046 80 5 1 2110 105
483/1 73 6 2 2090 104
FIESTAAR*(IC*AS)/2 10 5 2 2050 101
Fiord 35 6 2 2020 100
HB5 5 7 1 2000 99
LSD 5% 19.1 2.3 1.8 765 -
cv% 43.3 35.5 50.4 19.2 -
1 Lines producing less than 75% of the yield of Fiord omitted.
2 Rust scored on 2/10/03.  1 = no disease, 9 = severe.
3 Lodging scored on 10/11/03.  1 = upright, 9 = prostrate.
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The yield of SP95054 was less than Fiord at Katanning and Merredin, but greater at Scaddan.  It was
difficult to see a consistent pattern in the yield of lines at Merredin and Katanning compared with
Dongara and Scaddan.  Acc1307/5/DAW02-4, a very vigorous early line, produced high yields at
Merredin and Dongara but not at Katanning.  This line was not evaluated at Scaddan.  Seed yields
were loosely correlated with rust scores at Scaddan (r2 = 0.22).  The rust score for SP95054 at
Scaddan did not indicate greater resistance to the rust strain infecting this trial.
Farah (Acc483/3) produced relatively good yields with low ascochyta blight scores at Katanning and
Merredin.  The excellent growing conditions and mild finish at Borden (illustrated by the high mean
seed weights) also favoured later maturing lines allowing Acc483/3 and Fiesta to produce the greatest
yield in the S4 trial.  The low scores for seed staining and disease scores for 483/3 and SP95054,
compared with Fiord indicated the excellent quality seed that Farah and Cairo will produce.



















Fiesta 80 0.608 3 1 3890 121
483/3 81 0.621 3 1 3820 119
SP95054/DAW02-2 78 0.619 2 1 3670 114
SP95054 78 0.584 2 2 3610 112
1021 76 0.571 2 2 3580 111
SP95054/DAW02-1 78 0.581 2 3 3430 106
Manafest 98 0.811 3 2 3240 101
Fiord 82 0.439 7 3 3220 100
Ascot 83 0.422 3 1 2800 87
LSD 5% 0.7 0.008 0.4 0.7 259.2 -
cv% 1.1 1.8 14.7 50.0 9.1 -
1 Environmental staining.  1 = no staining, 9 = dark staining on all seeds.
2 Seed discolouration caused by ascochyta blight.  1 = no discolouration, 9 = dark discolouration on all seeds.
Environmental staining and storage discolouration in faba bean
S.M. Nasar-Abbas1, J. Plummer1, P. White2, K.M.H. Siddique3 and D. Harris4
1Plant Biology, The University of Western Australia
2Department of Agriculture, Western Australia
3CLIMA, The University of Western Australia
4Chemistry Centre, Western Australia
Australia is now one of the largest exporters of faba bean.  To maintain and expand our market
position we need to guarantee supply of high quality product over an extended period.  Currently,
environmental staining and storage discolouration reduces value and market opportunity.  Efforts have
been made to investigate factors affecting environmental staining and storage discolouration in faba
bean to overcome the problem.  As preliminary studies, the following approaches have been made.
Chemical analysis of the colouring compounds involved in discolouration process
Mostly, phenolic compounds have been reported to be involved in discolouration processes in seeds.
To find out any correlation of phenolic compounds with discolouration in faba bean, seed hulls
separated from Fiesta and Fiord seeds having different colour were analysed for total phenolics, total
tannins and proanthocyanidins.  The results show that phenolic compounds are almost negatively
correlated with the colour darkening in faba bean (Table 7).  The phenolic compounds present in faba
bean hulls may be converting into some non-phenolic colouring compounds during the darkening
process.  However, further work is necessary to resolve the discolouration process in faba bean.
Agribusiness Crop Updates 2004
Crop Updates is a partnership between the Department of Agriculture, Western Australia and
the Grains Research and Development Corporation
-16-
Table 7. Phenolic contents of different coloured faba beans
Sample
Total phenolics
(% as Merck tannic acid)
Total tannins
(% as Merck tannic acid)
Proanthocyanidins
(% as Leucocyanidins)
Fiesta hull LG1 6.93 6.17 4.33
Fiesta hull LB 5.90 5.27 3.35
Fiesta hull ES 6.05 5.23 3.57
Fiord hull DB 5.02 4.47 2.28
1 LG:  Light green or buff in colour, LB:  Light brown in colour, ES:  Environmentally stained, DB: Dark brown.
Management studies to control darkening during storage
To determine the contribution of storage to seed colour stability, the effect of storage temperature,
seed moisture content, and modified atmosphere packaging (MAP) was investigated.
The effect of storage temperature and seed moisture content was examined by taking good colour and
healthy seeds and measuring seed coat colour changes following storage at different moisture
contents and temperatures under laboratory conditions.  Fiesta seeds (average weight; 73 g/100
seed) were dehydrated to moisture contents 10.7% (original moisture content), 9.5% (dehydrated at
40oC for one day) and 7.2% (dehydrated at 40oC for three days).  Ten seeds were sealed in
polyethylene lined foil bags.  The packs were then put in plastic storage boxes and stored at a range
of temperatures, freezing (-10oC), 5, 10, 15, 20, 25, 30, 37oC and ambient.  Samples were analysed
for moisture content (loss or gain in weight) and seed coat colour at one month intervals.  The seed
coat colour was measured as L* (lightness), a* (redness), b*(yellowness) values and the colour
difference (with reference to zero day readings) expressed as ∆E (National Bureau of Standards unit
of colour difference).  Lower ∆E values indicate good coloured seeds while high ∆E values indicate
darker coloured seeds.
The ∆E values measured describe a substantial change in seed coat colour for the samples stored at
25oC and above (Table 8).  The colour intensity increased with the duration of storage.  At this stage
the most important factor affecting discolouration seems to be temperature.  Storing seeds below 20oC
results in a stable colour with very little effect of moisture content or time (up to 3 months) whereas in
case of storage at 25oC and above, moisture content and time also caused a significant effect on
darkening.
Table 8. ∆E values for faba bean samples after one to three months (m) storage at different
temperatures
Seed moisture content
10.7 % 9.5% 7.2%
Storage
temp
1 m 2 m 3 m 1 m 2 m 3 m 1 m 2 m 3 m
Freezing 1.12 2.64 0.93 2.98 2.48 1.32 1.70 1.73 1.08
  5oC 1.74 2.35 0.95 2.04 2.49 1.85 1.44 2.72 1.22
10oC 2.33 1.65 0.85 2.72 2.75 0.91 3.77 1.45 1.09
15oC 2.00 2.24 2.14 3.00 3.63 1.70 3.19 3.36 1.08
20oC 1.73 3.50 1.76 2.28 2.99 2.44 3.61 2.98 2.16
25oC 2.78 5.35 6.13 3.54 4.75 3.38 4.40 4.17 2.46
30oC 4.32 8.06 8.29 4.57 7.03 8.05 4.22 4.35 5.79
35oC 8.87 13.22 14.45 8.71 11.88 12.69 7.40 8.08 9.07
Ambient 3.47 3.96 5.94 3.04 3.43 5.67 2.41 3.67 4.16
Modified atmospheric packaging involved flushing Fiesta seeds with CO2, N2, O2, vacuum packaging
or flushing with air (control).  Seed samples (20 g each) were packed and sealed in 300 µm
polyethylene bags.  Air from the bags was removed with the help of a syringe needle attached to a
vacuum system and then the required gas from commercially available gas cylinders was filled in to
the bags through the same needle followed by immediate sealing.  After MAP treatments, samples
were stored at 35oC (the most adverse at farm storage temperature) in the dark.  Samples were
analysed for seed coat colour as described above.
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The results show considerable effect of different MAP treatments on ∆E values (Table 9).  Relative to
storing seeds in air, nitrogen seems to be effective in minimising seed darkening.  Storage in vacuum
or CO2 produced almost the same rate of darkening as storage in air, whereas storing in oxygen
enhanced the colour darkening process in faba bean.  This suggests that the colour darkening
process in faba bean is caused by some oxidative process.  However, these results are preliminary
and need confirmation.  A similar experiment is being undertaken using freshly harvested seeds from
the 2003 harvest.
Table 9. ∆E values of faba bean samples stored under different MAP treatments for three months
Storage period
MAP treatments
30 days 60 days 90 days
Vacuum 4.79 8.04 9.84
Oxygen 7.12 10.39 11.24
Carbon dioxide 6.31 9.79 9.99
Nitrogen 2.58 6.91 7.78
Air (control) 5.76 8.74 9.60
Tolerance of faba bean to post emergent herbicides
M. Seymour, M. Harries, R. Beermier, M. Blyth and L. Young, Department of Agriculture, Western
Australia
Field experiments were undertaken at four sites (Katanning, Mingenew, Merredin and Scaddan) in
2003 to test a range of recently released herbicides and to explore other herbicide options (Table 10).
Seasonal conditions were excellent at all sites, although transient waterlogging and some scorching of
leaves following application of a grass herbicide plus oil mix affected two replicates at Katanning.  In
general, Katanning was the most variable site due to these effects, the presence of weeds and soil
type variation.  Weeds (wild radish) at Katanning allowed for some estimates on efficacy of the
products tested.  The remaining sites were relatively weed free and the seed yield responses can be
viewed as the result of crop herbicide tolerance alone.  There was little incidence of ascochyta blight
or chocolate spot in any of the trials, but the trial at Scaddan was sprayed with a fungicide to control
rust infection late in the season.
In 2003, the herbicides tested were limited to those most likely to be tolerated by faba bean plants:
MCPB, Basagran and Raptor.  Once again, faba beans showed good tolerance to these herbicides in
most instances (Table 11).  To broaden the spectrum of these herbicides, many treatments were
‘spiked’ with 750 mL/ha Simazine.  In general this led to slightly more visual damage, but yield was not
usually affected.  The suitability of commonly used herbicides for weed management in lupin was
tested using a Brodal + Lexone + Simazine mix, but these proved too damaging to faba beans in all
trials.
Crop tolerance to post emergent herbicides can be affected by chemicals applied at sowing, hence in
2003 the trial was split into blocks receiving either 2 L Simazine/ha immediately before sowing (IBS) or
34 g Spinnaker/ha + 1 L Diuron/ha post sowing pre-emergent (PSPE) (except at Merredin where this
was applied before sowing).  Overall, treatments which were sprayed with Simazine at sowing yielded
more than the Spinnaker/Diuron treatments.  However, this situation was reversed if the post
emergent treatment was damaging.  For example, post emergent treatments such as the Brodal +
Lexone mix were more likely to be damaging following Simazine application at sowing rather than the
Spinnaker/Diuron mix.
During 2003 we used the data available from DAWA experiments conducted over recent years to
make a case for a minor use permit for Raptor.  This was submitted by PulseWA on growers’ behalf
and approved by APVMA in December 2003.  This now allows the legal use of up to 45 g Raptor/ha
with the addition of wetting agent only (no oils or other chemicals) to faba beans at the 3-6 node
growth stage (approx. 30 to 40 days after sowing) for the 2004-06 growing seasons.  There is no
withholding period (WHP) for harvest, but for grazing a WHP of six weeks after application should be
adhered to.
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Growers and their advisers should note that faba bean does not offer the same amount of competition
as field pea or pasture species to weeds.  Therefore, experience has shown that half rates of Raptor
do not provide reliable control of wild radish.  Readers should also note that insufficient data is
available to support the use of oils as an additive to ‘spike’ Raptor.  As a result of successfully
obtaining a minor use permit for Raptor, DAWA will reduce herbicide tolerance work for faba bean,
except for routine testing on new varieties as required.
Readers should keep in mind that many of the treatments tested are not registered for post emergent
use in faba bean and that herbicides should only be used with strict adherence to label
recommendations or permits.
Table 10. Experimental details of faba bean post emergent herbicide trials at three sites
Detail Mingenew Katanning Scaddan Merredin
Sowing date 20 May 26 May 24 May 18 May
Variety Fiesta Fiesta Fiesta Fiesta
Treatments applied (4-6 node) 2 July 1 July 8 July 7/8 July
Harvest 11 November 8/9 December 5 December 14 November
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Table 11. Seed yield (kg/ha) of faba bean post emergent herbicide experiment conducted at four sites with Simazine (SIM) or Spinnaker/Diuron (SP+D) applied pre-sowing,
2003A
Scaddan Merredin Mingenew Katanning
Treatment
SIM SP+D Mean %Nil SIM SP+D Mean %Nil SIM SP+D Mean %Nil SIM SP+D Mean %Nil
Raptor 23 g/ha 3522 3501 3512 97 1858 2084 1971 101 1640 1532 1586 92 1353 1014 1184 114
Raptor 45 g/ha 3438 3517 3478 96 2059 1655 1857 95 1634 1465 1549 90 785 852 818 79
Basagran 1 L/ha 3438 3848 3643 100 1970 2017 1994 102 1732 1582 1657 96 1163 1151 1157 111
Basagran 2 L/ha 3556 3633 3594 99 2165 2020 2093 107 1709 1468 1589 92 1625 1367 1496 144
MCPB 3 L/ha 3776 3482 3629 100 2071 1958 2015 103 1661 1374 1517 88 1109 931 1020 98
MCPB 5 L/ha 3516 3445 3480 96 - - - - 1608 1547 1578 91 1131 845 988 95
Brodal 60 mL/ha + Lexone 60 g/ha 1435 2384 1910 53 1043 1208 1126 58 1119 1346 1233 71 722 502 612 59
Raptor 23 g/ha + Simazine 750 mL/ha 3345 3725 3535 97 2012 1643 1828 93 1634 1666 1650 96 1426 987 1207 116
Raptor 45 g/ha + Simazine 750 mL/ha 3223 3487 3355 92 1761 1535 1648 84 1649 1668 1658 96 693 803 748 72
Basagran 1 L/ha + Simazine 750 mL/ha 3294 3370 3332 92 1837 1976 1907 97 1747 1555 1651 96 991 722 856 82
Basagran 2 L + Simazine 750 mL/ha 3296 3692 3494 96 1770 1647 1708 87 1609 1496 1553 90 1368 1188 1278 123
MCPB 3 L/ha + Simazine 750 mL/ha 3664 3536 3600 99 1653 1679 1666 85 1796 1430 1613 93 880 1304 1092 105
Raptor 90 g/ha 3317 3138 3228 89 - - - - 1672 1520 1596 92 699 511 605 58
Brodal 60 mL/ha + Lexone 60 g/ha +
Simazine 750 mL/ha
1253 1908 1581 43 640 782 711 36 813 961 887 51 573 455 514 49
Simazine 750 mL/ha 3417 3246 3332 92 2027 1683 1855 95 1654 1620 1637 95 1063 901 982 94
Nil 3570 3703 3637 100 1955 1961 1958 100 1803 1650 1726 100 1099 983 1041 100
Raptor 90 g/ha - - - - 1871 1649 1760 90 - - - - - - - -
Raptor 90 g/ha + Simazine 750 mL/ha - - - - 1604 1398 1501 77 - - - - - - - -
Mean 3282 3435 3358 1813 1748 1780 1643 1530 1586 1059 925 992
LSD 5% 260 238 358 271 194 356 54 133 188 478 475 603
CV% 9 20 11 28
A The results presented here are only from a preliminary analysis.
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The WA chickpea breeding program is a node of the Grains Research and Development Corporation
(GRDC’s) Australian Coordinated Chickpea Improvement Program (ACCIP).  The Western Region
node started in 1992.  The focus is on desi types but a limited kabuli program is also included.  There
have been a number of changes in breeding objectives over the last decade in response to marketing
requirements as well as the arrival of ascochyta blight disease in Australia.  The current focus is on
developing ascochyta resistant varieties with improved yield and desirable quality attributes.  The
national breeding program in its present form as ACCIP will cease on 31 December 2004.  Future
pulse breeding for Australia (funded by GRDC) is being proposed through a private company and will
include national breeding for field pea, chickpea and lentil.  Based on clear differences in adaptation of
chickpea for WA environments, the impact of these changes is being addressed to ensure that
chickpea development in WA will continue.
In 2003, chickpea trials were located at Dalwallinu, York and Merredin.  Ascochyta blight nurseries
were developed at Medina and Merredin.  All yield assessment plots were managed to minimise the
risk of ascochyta blight to assess yield potential.  Parallel trials in disease nurseries were sown to
assess resistance to ascochyta blight.  Overall, good seasonal rains provided excellent growing
conditions for high yield potential, but this was not realised at Dalwallinu due to a dry and hot finish,
and at York due to suspected herbicide damage prior to flowering.  Merredin trials experienced
waterlogging in August.
Breeding for ascochyta blight resistance
Over the past three seasons considerable progress has been made in identifying sources of
resistance, making crosses for developing ascochyta resistant adapted germplasm, screening existing
germplasm for resistance and selecting resistant plants from segregating populations.  Over 350
single plants were selected from the segregating populations that showed significant resistance and
good seed quality.  Of the single plant progeny from previous years, more than 40 lines have been
identified with good yield potential and ascochyta blight resistance (2-4 reaction) and five showed
disease reactions ranging from 2-3.  A number of lines from miscellaneous introductions have also
exhibited improved yield potential and ascochyta blight resistance compared to current commercial
varieties (Table 12).
Table 12. Plant height score (1-9; 9 tallest), yield (kg/ha and %Sona), Mean seed weight (g/100 seeds)
and ascochyta blight score (AS) for some of the most resistant introduced chickpea lines
Entry Pedigree Height Yield %Sona 100 SW AS1
97020-1898 HOWZAT / ICC3996 6.0 2537 211 18.8 2
97020-1772 HOWZAT / ICC3996 8.0 2302 192 17.9 2
97020-1003-1017 HOWZAT / ICC3996 7.0 2157 180 19.5 2
97037-1178-1001 6.0 2011 168 16.0 2
97020-1751 HOWZAT / ICC3996 7.0 1945 162 18.4 2
97020-1351 HOWZAT / ICC3996 7.0 1940 162 17.5 2
97020-1191 HOWZAT / ICC3996 7.0 1790 149 20.1 2
97020-1259 HOWZAT / ICC3996 6.0 1727 144 18.9 2
Howzat 5.0 1109 92 17.9 7
Sona 7.0 1200 100 17.0 7
1 Ascochyta blight disease reaction where 1 = no disease to 9 = dead.
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Chickpea breeding lines that have progressed to a more advanced stage of testing (Stage 2 or 3) do
not have the same level of resistance to ascochyta blight, because their development commenced
prior to the disease being significant in Australia.  Most of this material shows moderate resistance.
Only lines with an ascochyta reaction of 5.5 or less have been chosen for progression to Cultivar
Variety Testing (CVT) trials in 2004 (Table 13).  As partially resistant lines are likely to be released in
the near future, our interest in these lines will focus on their yields relative to the released varieties.
Earliness, seed size and plant height of SONA*98PBC4017 are of particular interest.
Table 13. Ascochyta blight score (AS), 100 seed weight (g), flowering time in days after sowing (FLW),
plant height (cm) and yield as % Sona yield of stage 23 chickpeas at Dalwallinu, Merredin and
York
Yield
Entry AS 100 SW FLW
Plant
height Dalwallinu Merredin York
8523-1*98CZH4003 5.5 16.1 105 41 96 99 96
SONA*98CZH4008 5.0 19.9 112 43 144 112 97
SONA*98CZH4009 4.5 14.4 107 42 118 67 80
SONA*98PBC4017 5.3 21.4 105 54 125 94 86
Sona-4028 4.5 19.2 114 51 122 90 83
Howzat 7.0 18.6 109 45 104 100 71
Sona 6.8 16.8 112 41 100 100 100
Sona yield (kg/ha) 736 1705 945
1 Ascochyta blight disease reaction where 1 = no disease to 9 = dead.
Variety evaluation and commercial release
T. Khan and K. Regan, Department of Agriculture, Western Australia
Crop variety testing Stage 4 (S4) trials were conducted at five sites in 2003 (Table 14).  Evaluation
included three desi varieties, Kaniva (kabuli type), and eight promising breeding lines.  On average,
the line 97C016-2 produced the greatest seed yields.  The breeding lines WACPE2075, WACPE2098
also performed well in 2003.  The line WACPE2095 has also shown improved yield advantage over
current varieties in across year comparisons (Table 15).  The lines WACPE2075 and WACPE2095
have been approved by the Variety Release Committee in WA for commercialisation in 2004.  They
exhibit ascochyta blight resistance better than Howzat, 5-20% greater yield than Sona and good seed
quality.  Seed of the new varieties should be available to growers in 2005.  Although fungicide
applications will still be necessary, the requirement will be reduced compared to current varieties (for
further details see section on ‘Management of ascochyta blight in improved chickpeas’).  The cheaper
and more efficient disease management that will be possible with these improved disease resistant
varieties will be the first positive step in a turn around of the chickpea industry.
A variety bred in WA, named Moti, was released exclusively for Central Queensland (CQ) in
September 2003.  Moti is susceptible to ascochyta blight and hence, will not to be grown in WA.
Central Queensland is free of ascochyta blight and likely to remain so due to climatic conditions, which
are not conducive to the development of the disease.  Moti will increase average chickpea yields by up
to 30% and help establish a 100,000 t industry in CQ.
The next generation of partially resistant lines with promise are WACPE 2098 and 97C016-2.  Both
show good seed quality, are tall and have shown promising yield potential.  Should they continue to
yield significantly greater than WACPE 2075 then they will be considered for release in 2006.  It is
anticipated that a variety with improved yield and greater disease resistance (ascochyta reaction 4 or
less) will be released from introductions and locally developed lines in 3-5 years.
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Sona 1916 1435 866 942 441 100
Heera - 1276 - - - 89
Howzat 1994 1542 915 825 594 108
Kaniva - 669 - - - 47
97C016-2 1961 1504 1008 929 708 117
WACPE2098 2002 1515 808 813 693 109
WACPE2075 1862 1383 949 766 671 107
ICCV-96836 1778 1351 931 694 699 106
WACPE2078 1942 1425 765 771 531 98
9113-13N-2 1681 1074 879 773 333 85
WACPE2095 1535 1171 588 616 474 80
Flip94-90C - 1030 - - - 72
Mean1 1859 1293 858 807 559
1 Means are adjusted.  Yields presented are from preliminary data analysis.
Table 15. Yield expressed as % Sona (%SY) in various Agzones of WA in trials during 2000-2003
A1 A2 A3 A4 Overall
Agzone
%SY n1 %SY n %SY n %SY n %SY n
Howzat 135 4 115 7 130 2 104 4 118 17
Sona 100 10 100 16 100 6 100 18 100 51
WACPE2075 154 4 132 6 115 3 122 4 131 17
WACPE2095 105 4 105 6 113 3 104 4 105 17
Sona yield 1402 982 702 1032 1029
1 n = number of trials.
Utilisation of annual wild Cicer for chickpea improvement
H. Clarke and K. Siddique, CLIMA, The University of Western Australia
Access to genetic variability is essential for chickpea breeding programs in Australia to respond to new
diseases such as ascochyta blight and fusarium wilt and to maintain progress across a broad front of
breeding objectives.  It is increasingly obvious that wild chickpea relatives have an important role to
play in genetic improvement of chickpeas in Australia and overseas, and that new techniques are
needed to overcome the problems of wide crosses.
Genetic resources from wild relatives are utilised to increase genetic variability in many species,
however attempts to exploit wild Cicer species are relatively recent.  There are 42 known wild Cicer
species, eight of which are of particular interest to breeders because they exhibit an annual growth
habit and share a chromosome number of 16 with the cultivated species, Cicer arietinum.  Of the wild
annual species only two, C. reticulatum and C. echinospermum, are readily hybridised with
C. arietinum using conventional crossing techniques.
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Comprehensive screening programs undertaken at ICARDA and ICRISAT identified superior levels of
resistance to a number of biotic and abiotic stresses in a broad range of annual wild Cicer relatives as
compared to C. arietinum.  New disease threats such as botrytis grey mould, fusarium wilt and
ascochyta blight mean that protocols are now urgently required in order to access the genetic
variability within the more distantly related tertiary genepool of Cicer.  In response a new initiative has
commenced at CLIMA to import annual wild Cicer germplasm to Western Australia, characterise the
material and develop methods for wide crosses to introgress desirable traits from distantly related
relatives into domesticated chickpea.
A major objective is to create interspecific hybrids between chickpea and accessions of C. bijugum,
C. pinnatifidum and C. judaicum which express multiple disease and abiotic stress resistance.  From
the first year of the project research strongly supports the theory that incompatibility in wide crosses
among Cicer species is the result of post-fertilisation barriers rather than pre-zygotic.  Detailed
microscopy studies in collaboration with the Centre for Microscopy and Microanalysis, UWA,
demonstrate that pollen functions normally in wide crosses and pollen tubes grow down the style into
the ovary to fertilise the egg.  There is now good evidence that the hybrid embryo forms and is
surrounded by liquid endosperm in the same way as selfed embryos.  However, degeneration of the
hybrid embryo soon occurs and the pod aborts.
It is proposed to overcome the problems of abortion in situ by using embryo rescue.  Embryo rescue is
the removal of the developing hybrid embryo to an in vitro culture medium prior to abortion.  In tissue
culture the developing embryo will be nourished until maturity to regenerate a hybrid plantlet.  To date
microscopy studies have helped to identify the best time for embryo rescue as well as establishing
protocols for whole ovule rescue and excision of the embryo.  A range of published culture media have
been tested for Cicer ovule and embryo rescue with limited success.  In general there has been a
geater response between genotypes than response to ingredients in the culture medium.  It is
apparent that selection of responsive genotypes is important for hybridisation and rescue.  In the
coming year experiments will be carried out to improve the embryo rescue media for particular
species.  Additional studies will investigate methods to aid in the retention of hybrid pods on the
mother plant for as long as possible before rescue is necessary.  At present, rescue of very immature
hybrids between chickpea and C. bijugum is required as early as four to eight days after fertilisation,
which is almost impossible without injury to the tiny embryo.
Development of interspecific hybridisation methods for Cicer has progressed in close collaboration
with Dr Nalini Mallikarjuna, ICRISAT, and Dr Monika Lulsdorf, Crop Development Centre (CDC),
Canada, both of whom visited CLIMA in October and November 2003.  The research at CLIMA is in
close association with Dr Janine Croser (chickpea and field pea double haploids) and Dr Fucheng
Shan (DNA characterisation of wild Cicer).
Genetic characterisation of chickpea wild relatives
F. Shan, H. Clarke and K. Siddique, CLIMA, The University of Western Australia
Chickpea has 42 known wild relatives within the genus Cicer, of which eight are annual species
sharing the same number of chromosomes as chickpea: C. bijugum, C. chorassanicum, C. cuneatum,
C. echinospermum, C. judaicum, C. pinnatifidum, C. reticulatum, and C. yamashitae.  Among these,
C. reticulatum and C. echinospermum are the most closely related to chickpea.  There is also strong
evidence that C. reticulatum is the immediate wild progenitor of the domesticated chickpea.
Evaluation of wild Cicer overseas and in Australia has identified sources of resistance to a range of
pest and diseases including; ascochyta blight, fusarium wilt, phytophthora root rot, leaf minor, seed
beetle, cyst nematode, and as well as tolerance to cold and shorter cooking times.  The level of
resistance is greater than in chickpea for most of these traits and in some cases the wild relative is the
only source of resistance known.  In general the evaluations indicate that genetic variation is far
greater within the wild Cicer species than in cultivated chickpea.
There is also strong evidence that only a fraction of the diversity of wild Cicer populations has been
collected to date, and that a significant resource remains untapped over a broad range of the genus’
natural habitats from Western Turkey to Afghanistan.
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Characterisation and conservation of wild Cicer species is clearly a high priority and DNA markers
have the potential to describe genotypes more rapidly and perhaps more accurately than
morphological markers.  For this purpose, a total of 218 accessions and selections, from the Australian
Temperate Field Crops Collection (ATFCC), ICARDA, ICRISAT, USDA, have been assembled at
CLIMA in collaboration with Dr Jens Berger, CLIMA and Mr Ted Knights, NSW Department of
Agriculture, for use in a number of projects.  Quarantine multiplication and phenology examination of
Cicer collections were conducted under glasshouse conditions at the University of Western Australia
during 2002-2003.  Photographs of seeds and plant morphology for most accessions have been taken
and profiled.  Amplified Fragment Length Polymorphisms (AFLPs) has been used to characterise the
DNA of Cicer germplasm.  Fluorescent AFLP analysis was conducted at the Western Australia State
Agricultural Biotechnology Centre, Murdoch University.  DNA profiles of each line have been
generated and phylogenetic relationships between and within species have been established.  This
information is being used to select parents for interspecific hybridisations.
This project has identified duplication and gaps in the world Cicer collections.  The further
characterisation of some specific lines will be conducted in 2004 with Sequence Tagged Microsatellite
Site (STMS) markers applied for this purpose.  Previously published primer sequences for a number of
STMS markers will also be used to compare this marker system to AFLPs and other marker systems
to examine the fitness of the markers to describe the Cicer genotypes.
Novel sources of resistance to Helicoverpa in wild chickpea species
J. Ridsdill-Smith1,3, H. Sharma2 and S. Cotter1,3
1CSIRO Entomology, Western Australia
2ICRISAT, Andrha Pradesh, India
3CLIMA, The University of Western Australia
Helicoverpa armigera and H. punctigera are major pests of crops in Australia.  They are mobile and
highly polyphagous causing damage to grain, cotton and horticultural crops.  Chemicals are used
widely to control them, but H. armigera in particular has developed resistance to a number of
insecticides.  As a result growers are using integrated management combining a strategic use of
chemicals with other management methods, including encouraging natural enemies and the
development of plant resistance.  Chickpeas are a relatively small but high value crop in Australia.  An
important factor holding the industry back in Australia is the difficulty growers have in controlling
diseases and to a lesser extent pests, notably Helicoverpa.  In India H. armigera is a very important
pest of this major crop and plant resistance to Helicoverpa in chickpeas is one of the qualities growers
in both Australia and India are seeking.  Screening has been carried out for resistance to Helicoverpa
in the germplasm of the cultivated chickpea species, Cicer arietinum, and partial resistance has been
detected in the line ICC506.  Some of the compounds involved in resistance have been identified.
However, the resistance is not sufficient to avoid the need for continued use of chemicals to control
the moths.  Plant breeders around the world are looking to identify novel sources of resistance to pests
in wild species related to the commercial crops.  Of the 7000 chickpea accessions tested for insect
resistance at ICARDA just 10 were found to be resistant or tolerant to insects.  In comparison, of the
wild chickpea accessions tested, 30 out of 200 were resistant to one pest, and 51 out of 137 were
resistant to another.  The lack of genetic variation for insect resistance in the cultivated chickpea Cicer
arietinum, has led to the search for resistance in wild Cicer species.
A large number of accessions of wild annual Cicer species have been screened for resistance to
H. punctigera at Perth in Australia and to H. armigera at ICRISAT in India through a GRDC funded
project (GRDC CSE179).  The accessions tested were those present in each national collection, but
were different in each country.  Neonate larvae (5 or 10) were placed on an excised leaflet of the
accession to be tested.  The cut end of the leaflet was placed in water agar in a container and the
larvae left to feed for 5 days.  After this time surviving larvae were counted and weighed.  Some
differences between the methods used in Australia and in India have been developed but the basic
technique remained the same.  The method has also been used to look at feeding by older larvae on
leaves and on pods.  It provides a fast screen for testing a wide range of germplasm, and has revealed
considerable variation between accessions in their suitability for Helicoverpa growth.
Agribusiness Crop Updates 2004
Crop Updates is a partnership between the Department of Agriculture, Western Australia and
the Grains Research and Development Corporation
-25-
On average, there was considerable inter-species variability in chickpea suitability for Helicoverpa
punctigera growth.  Cicer bijugum was the least suitable overall as a host and appeared significantly
more resistant than C. arietinum (Figure 1).  However accessions of C. echinospermum and
C. pinnatifidum appeared suitable as hosts, and more susceptible than C. arietinum.  Within each
species there was a considerable range of variability between accessions (Figure 1).  Intra-specific
variability is much higher in the wild species, suggesting that the level of genetic variability for insect
resistance may also be higher, than in the cultivated species.


















































































































































Figure 1. Mean log weight of neonate H. punctigera larvae after five days on chickpea leaflets averaged
for Cicer species, and for some individual accessions.
The screening in India included use of neonates.  With older larvae only a single H. armigera was
used.  The proportion of pods damaged by older larvae varied from an average of 82% on
C. arietinum, 75% on C. judaicum, 51% on C. reticulatum to 23% on C. bijugum.
While the species with greatest average resistance was C. bijugum, there were some resistant
accessions within all species.  Hybridisation between chickpea species is difficult, but C. reticulatum is
one species that has been successfully hybridised with C. arietinum.  Some 33 accessions of
C. reticulatum were therefore screened.  Larval weight of individual older larvae varied in C. arietinum
from 225 mg/larva on ICC3137 to 136 mg/larva on ICC506.  In contrast larval weight on C. reticulatum
accessions varied from 65 mg/larva to 28 mg/larva, representing nearly a 5-fold reduction in larval
weight on the most resistant C. reticulatum compared with ICC506, a partially resistant C. arietinum.
A new method has been developed to fast screen chickpea accessions for resistance to Helicoverpa.
The method is being widely used in southern Asia.  A range of germplasm has been screened for
resistance to Helicoverpa from collections in Australia, India and the USA.  There appears to be
greater genetic variability in resistance to Helicoverpa in wild species than in the domesticated
C. arietinum.  While levels of resistance appear to be higher in accessions of C. bijugum than other
species, there is a range of responses in all species.  C. reticulatum accessions are being selected
with good Helicoverpa resistance.  They will be crossed with a susceptible C. arietinum to breed
chickpeas with substantially improved resistance to Helicoverpa.
Effect of sub-soil moisture on relative profitability of desi and kabuli chickpea
M. Harries and M. Blyth, Department of Agriculture, Western Australia
Traditionally desi chickpea has been grown in the Mingenew area in preference to kabuli chickpea.
This is because desi types have generally produced 20-30 per cent greater yield than kabuli types in
this medium rainfall zone (350 mm to 450 mm per annum).  With current breeding progress toward the
release of ascochyta blight resistant chickpeas showing that kabuli lines have a higher level of
ascochyta blight tolerance than desi lines, farmers in this area are considering kabuli chickpea as an
option.
If reasonable yields and good seed size can be reliably obtained from kabuli types, gross margins may
compare favourably to desi types due to reduced fungicide inputs and yield losses to ascochyta blight,
and higher prices offered for good quality kabuli seed.  Not only will resistance to ascochyta blight
have the potential to reduce fungicide inputs and yield loss from this disease, but it will also make the
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crop more manageable.  The fact that the lines of kabuli chickpea being considered for release also
have better seed quality, a higher proportion of large seed, also increases the likelihood of success in
the medium rainfall zone with this chickpea type.
This trial was established to investigate the effect of various sub-soil moisture levels at seeding on
relative yields of desi and kabuli chickpea.  It was anticipated that good sub soil moisture at sowing
seed yield and seed size of kabuli chickpea may be improved.  Hence, in years where summer rainfall
has been substantial and soil moisture conditions good, kabuli chickpea with ascochyta blight
resistance may be a very profitable alternative.
The experiment was arranged in four complete randomised blocks.  Each block contained six plots,
three irrigation treatments (0 mm, 25 mm, and 75 mm) in a factorial design with two chickpea varieties
(desi, cv. Sona and kabuli, cv. Kaniva).  Measurements included plant establishment, dry matter
accumulation at full flower and maturity, yield and seed size distribution.  Unfortunately the trial was
affected by phenoxy herbicide drift from the neighbouring wheat paddock in winter.  This caused
plants to distort and grow along the ground.  It took several weeks for the plants to recover.
On average across all irrigation treatments, Kaniva yielded 254 kg/ha (17%) less than Sona
(Table 16).  Irrigation level did not affect establishment, dry matter accumulation, mean seed weight,
seed size distribution or yield (Tables 16 and 17).  This was in contrast to results observed in trials
during 2002 and in a similar irrigated trial located 30 km north of this site in 2003.  It is likely that the
phenoxy herbicide damage affected dry matter production and yields of both chickpea varieties in this
trial and compromised any effect of irrigation.  This trial will need to be repeated to assess if sub-soil
moisture levels at seeding will have a significant effect on relative profitability of the two chickpea
types.
Table 16. Establishment (plants/m2), dry matter at flowering (FLWDM g/m2), final dry matter (FDM, g/m2)



















Desi 0 45.5 142.5 697 16.0 1566
25 47.5 154.2 735 16.4 1403
75 44.8 45.9 146.4 717 16.5 1634 1534
Kabuli 0 26.5 141.9 643 32.9 1219
25 32.3 180.2 637 33.8 1213
75 29.3 29.3 149.0 703 34.8 1409 1280
LSD 5% ns1 3.6 ns Ns ns ns 164
cv% 10.9 10.9 23.0 19 4.5 13.9
1 ns = not significant P  < 0.05.
Table 17. Seed size distribution of Kaniva under three irrigation treatments at Mingenew
Irrigation (mm) < 7 mm 7-8 mm 8-9 mm 9-10 mm > 10 mm
0 1.8 15.8 54.2 26.6 1.6
25 2.0 16.2 56.2 24.6 1.1
75 1.8 14.8 53.5 28.4 1.5
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The interaction of sub-soil moisture and row spacing on chickpea
M. Harries and M. Blyth, Department of Agriculture, Western Australia.
Recently some growers and advisers have been advocating sowing pulses at very wide row-spacings
of up to 100 cm in WA.  The theory put forward is that plants in wide rows will use less water early in
the season, retaining water in the sub-soil between the rows to use during the grain filling period.
Wide row spacing (up to 1.5 metres apart) is commonly used for summer crops grown solely on sub-
soil moisture for this purpose.
The treatments used in the trial included two types of chickpea (desi and kabuli) in a factorial design
with three row spacings (22 cm, 44 cm, 100 cm).  All treatments were sown in four randomised
complete blocks at the same seeding rate of 100 kg/ha desi and 140 kg/ha kabuli with a double run of
a cone seeder.  The trial was further divided into split plots with 100 mm water applied in early April to
one half of each plot.  This design enabled comparisons of each row spacing under each level of
sub-soil moisture.  The aim of this trial was to determine the effect on biomass production, plant
development, grain yield and quality of sowing kabuli and desi chickpea in wide rows under two
moisture regimes.
Soil moisture at sowing was low in the non-irrigated split plots due to limited summer rainfall at the site
(23.6 mm November-April).  Addition of irrigated water increased soil moisture throughout the profile
(Figure 2).  Dry matter production was greater at flowering and maturity in irrigated plots (Figures 3
and 4).  Dry matter production between flowering and maturity was also greater in irrigated treatments,
indicating that water applied in April allowed for greater dry matter production throughout the growing
season.
Dry matter accumulation was initially inversely proportional to row width, as observed in similar trials
during 2002.  At full flower, chickpeas at the 100 cm row spacing had produced less dry matter than at
44 cm or 22 cm spacings (P < 0.001).  Dry matter production at maturity at 44 cm row spacing
(530 g/m2) was greater than either the 22 cm or 100 cm spacings (383 g/m2 and 332 g/m2,
respectively).  This trend was observed regardless of moisture regime or chickpea type.
There were some interesting interactions between row spacing and irrigation treatment on dry matter
accumulation.  The initial delay in dry matter accumulation at wide row spacing was exacerbated in dry
soil conditions (Figures 3 and 4).  Chickpeas sown at 44 cm row spacing produced greater dry matter
at maturity, than at 22 cm or 100 cm spacings.  This occurred under both soil moisture regimes, with
similar trends observed.  However, under the irrigation treatment these differences were applied
amplified.
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Kabuli chickpea yields were significantly less than desi yields, averaging 534 kg/ha compared to
1039 kg/ha averaged across all treatments, respectively (Table 18).  Yields were greater when
irrigation was applied and ranged from 596 kg/ha to 965 kg/ha when averaged across row spacing
and chickpea type.  Refining this relationship will allow more informed management decisions to be
made at the start of the season based on sub-soil moisture availability.
There was an interaction between row spacing and irrigation for desi chickpea.  Desi chickpea yields
were greatest when sown at 44 cm row spacings under both moisture regimes.  However, yield
variations between row spacings were lower when plots were irrigated (Table 18).  This is consistent
with studies measuring leaf water potential in lupins, which showed that the onset of terminal drought
was delayed in lupins sown at wider row spacings.  These results and those from similar trials with
lupin in 2002 suggest that a row spacing of 44 cm is an effective option for grain legumes in low
rainfall environments.
Based on the results of the past two seasons trials, it appears that grain legume crops sown at wide
row spacings will be an option for growers.  However, the current information suggests that in high
yielding situations, of 2.5 t/ha or above, wide rows may limit yield potential.  This trial investigated
chickpea crop yield, but other possible benefits from wide row cropping should be considered.  These
include anecdotal evidence of increased pod height, less tynes in the ground at seeding reducing
tillage, reduced fuel and maintenance costs, ability to more precisely target herbicide and fungicide
inputs with the possibility of alternative weed control options such as inter-row shielded spraying,
tillage or mowing.
Figure 3.  Dry matter production of desi and kabuli chickpea at 50% flower (g/m2).
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Table 18. Yield (kg/ha) of desi and kabuli chickpeas with various irrigation and row spacing treatments
Irrigation treatment
0 mm 100 mmRow spacing
22 cm 44 cm 100 cm 22 cm 44 cm 100 cm
Mean
(type)
Desi 735 1052 812 1242 1292 1098 1039
Kabuli 304 372 498 774 721 * 534
Average (row spacing) 520 712 655 1008 1006 1098 833
Average (irrigation) 629 1025




* 100 cm kabuli plots had poor establishment because seed did not feed though the seeder evenly.
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Kabuli chickpea
K. Regan, Department of Agriculture, Western Australia
Kabuli chickpeas offer good opportunities for growers in the medium to high rainfall regions of WA.
Suitable soil types for kabuli production have been identified around Dongara, Mingenew, the Avon
Valley and parts of Esperance and Katanning.  Kabuli chickpea prices have remained relatively high in
2003, with growers receiving up to $700/t (depending on seed quality).  With the development of new
ascochyta resistant varieties in the pipeline, kabuli chickpea will prove to be a profitable pulse option in
WA.
Seed size and colour largely determine kabuli chickpea prices, especially when supply exceeds
market demand.  Seeds greater than 8 mm diameter are generally sold at a premium over smaller
seeds, while prices for seeds that are less than 7 mm may be lower than those for desi chickpea.
Hence, in addition to yield, the seed size distribution of the seed sample is an important quality
parameter for profitable kabuli production.
While varietal differences influence seed size, large seeds are more likely to be produced in areas with
400-600 mm annual rainfall, deep fertile soils and mild spring conditions favourable to seed filling.
Economic yields of kabuli chickpea with large seed size are unlikely to be achieved on a regular basis
in lower rainfall areas.
A new kabuli chickpea variety for the Ord River Irrigation Area
K. Siddique1, K. Regan2, P. Smith2, G. Plunkett2 and C. Veitch2
1CLIMA, The University of Western Australia
2Department of Agriculture, Western Australia
The kabuli chickpea industry in the Ord River Irrigation Area (ORIA) has been based on a large
seeded variety ‘Macarena’ released in 1983.  Variable yields and quality in the mid-nineties created
interest in developing new varieties with improved yield and seed quality (seed size) for the region.  In
1998, a project was funded by GRDC to improve yield and quality through the introduction of kabuli
chickpea genotypes originating mainly from Spain, Mexico and Greece.  More than 50 genotypes were
introduced, evaluated and selections were made during the five year project as well as a review of
crop management practices, which resulted in the publication of a farmnote on ‘Kabuli Chickpea
Production in the Ord River Area’.  Based on evaluation between 1998 and 2003, selections from one
introduced germplasm (GCN133-2) was developed for commercial release in 2004.
In yield evaluation trials conducted between 1999 and 2002, GCN133-2 produced on average 6%
greater seed yield than Macarena.  GCN133-2 meets all the current market requirements for seed
quality with similar maturity, height and plant morphology as Macarena.  GCN133-2 produces a
greater proportion of seeds larger than 10 mm in diameter and 5% greater seed weight compared to
Macarena.  GCN133-2 has also been tested in Central Queensland and offers a yield advantage over
Macarena in that environment.  GCN133-2 may be susceptible to ascochyta blight (Ascochyta rabiei),
but this disease does not occur in the ORIA or Central Queensland regions.
In order to minimise the time before the release of a commercial variety, seed production of introduced
genotypes was undertaken concurrently with agronomic evaluation.  Seed production was initiated in
1999 by collecting single plants from a number of the most promising genotypes.  Seed from each
plant was sown in individual plots in 2000.  Production of pre-basic and basic seed was undertaken in
2001, 2002 and 2003 for the most promising lines.  The line GCN133-2 was selected towards the end
of 2003 for variety release based on yield evaluation, adaptation, seed quality (size and colour) and
market acceptance.  Approximately 20 t of GCN133-2 seed was produced in 2003 and will be
commercially released to growers for the 2004 growing season.
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Development of ascochyta resistant and high quality varieties for Australia
K. Siddique1, K. Regan2 and M. Baker2
1CLIMA, University of Western Australia
2Department of Agriculture, Western Australia
Ascochyta blight, caused by Ascochyta rabiei, is the most damaging disease of chickpea in most parts
of the world and has caused wide-spread yield losses in Australia.  The future of the chickpea industry
relies on the development of varieties with high levels of resistance to ascochyta blight.  If this can be
achieved there is the potential to increase the area of production of kabuli chickpeas up to 200 000 ha
in Australia.
Kabuli chickpea crossbred lines and commercial varieties from Syria, Turkey and Australia were
screened for resistance to ascochyta blight and seed size in Turkey through a GRDC funded project
during 1998 and 2001.  More than 2000 breeding lines were screened and 335 superior lines were
selected and introduced to Australia.  The Council of Grain Growers Organisation (COGGO) is
currently funding a project to fast track one or more of the high yielding, superior quality ascochyta
resistant kabuli chickpea lines for commercial release.
Yield evaluation
Yield evaluation was undertaken at one site (Dongara) in WA in 2002, but was expanded to five sites
(Dongara, Mingenew, York, Katanning, Speddingup) in WA and four interstate sites (South Australia,
Victoria and New South Wales) in 2003.  At the time of writing, yields from the York and interstate
trials were not available.
In WA, yield evaluation included between 11 and 30 crossbred lines (depending on the site), Kaniva,
G846-3-9, and three lines commercialised in Victoria/New South Wales in 2002 (FLIP94-90C
FLIP94-92C and S95342).  The trials were a row column partially balanced design with three
replicates. Plot size was 1.5 m (6 rows) by 20 m, except at Dongara.  The Dongara trial was split due
to limited seed of some crossbred lines, and included a small plot (0.92 m (4 row) x 10 m) trial.
Seasonal conditions were good at each site, although sowing was delayed and there was some
intermittent waterlogging at York. Weeds were well-managed, but wild radish became evident at
Dongara around flowering.  Ascochyta blight was only observed towards the end of the season at
Katanning in plots of G846-3-9.  Each trial received the current recommended fungicide management
package, which included two fungicide applications (one four weeks after emergence and one at
podding).  Sclerotinia was observed at Dongara, and affected Kaniva more than other lines.
Mean flowering time ranged from 105 at York to 130 days after sowing at Katanning (Table 19).  A
number of lines showed similar duration to flowering as Kaniva across sites (e.g. FLIP97-530-CLIMAS,
FLIP97-503-CLIMAS and FLIP97-657-CLIMAS).  Mean seed yields ranged from 646 kg/ha at
Mingenew to 1377 kg/ha at Dongara (small plots) (Table 20).  On average across sites, many lines
produced more than 10% greater yield than Kaniva.  Seed quality (size, distribution and colour)
measurements are currently being undertaken on 2003 harvest samples.  However, based on the
results from the trial at Dongara in 2002, many crossbred lines produce heavier seeds with a larger
proportion of seeds greater than 8 and 9 mm in diameter compared to Kaniva (Table 21).
Of the crossbred lines, FLIP97-530-CLIMAS and FLIP97-657-CLIMAS produced the greatest seed
yields on average across sites and had mean seed weights 8-11% greater than Kaniva.  The
Victorian/New South Wales lines (FLIP94-90C, FLIP94-92C and S95342) also produced excellent
yields, but FLIP94-90C and FLIP94-92C produce seed with 5-18% less weight.  The line S95342 had
similar mean seed weight as Kaniva, but a larger proportion of small seeds (< 8 mm diameter).
The crossbred lines in these trials will be evaluated for yield at multiple locations in WA and interstate
(through collaboration with ACCIP) in 2004. A number of other crossbred lines, with inadequate seed
quantities for field trials in 2003, will be included in 2004 yield evaluation trials.
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Table 19. Time to flowering in days after sowing of some ascochyta blight resistant kabuli chickpea










Kaniva 108 107 105 124
G846-3-9 - - - 122
FLIP94-90C 108 115 104 124
FLIP94-92C 108 113 104 125
FLIP97-501SD-CLIMAS 114 121 105 134
FLIP97-501SL-CLIMAS 113 121 104 129
FLIP97-501TL-CLIMAS 113 121 105 130
FLIP97-503-CLIMAS 106 114 105 126
FLIP97-521-CLIMAS 114 122 105 141
FLIP97-529-CLIMAS 105 - 102 -
FLIP97-530-CLIMAS 105 102 103 127
FLIP97-537D-CLIMAS 111 111 104 129
FLIP97-537L-CLIMAS 111 116 105 129
FLIP97-539-CLIMAS 121 - 105 -
FLIP97-548-CLIMAS 107 119 100 131
FLIP97-590-CLIMAS 110 - 105 -
FLIP97-600-CLIMAS 114 - 108 -
FLIP97-648-CLIMAS 114 - 107 150
FLIP97-653-CLIMAS 112 - 107 130
FLIP97-657-CLIMAS 105 - 104 124
FLIP97-673 114 - 108 -
FLIP97-695-CLIMAS 112 120 107 132
FLIP98-508-CLIMAS 114 - 109 -
FLIP98-520-CLIMAS 115 - 108 -
FLIP98-590-CLIMAS 114 - - 135
FLIP98-653-CLIMAS 114 - 107 -
S95342 119 109 102 124
Mean1 113 115 105 130
LSD 5% 12 4 1 8
cv% 7 2 1 4
1 Mean flowering values shown are based on the trial mean, not selected crossbred lines presented here.
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Table 20. Seed yield1 of some ascochyta blight resistant kabuli chickpea crossbred lines in yield
















Kaniva 614 897 603 662 948 100
G846-3-9 - - - 610 - 92
FLIP97-657-CLIMAS 1413 1873 - 552 - 174
FLIP94-90C 1213 - 1055 945 1189 160
FLIP97-530-CLIMAS 1461 - 742 740 1114 148
S95342 1039 - 988 786 1027 140
FLIP94-92C 1613 - 633 630 833 138
FLIP97-648-CLIMAS 1065 1667 - 290 - 134
FLIP97-537L-CLIMAS 1155 - 660 757 201 125
FLIP97-653-CLIMAS 813 1437 - 413 - 118
FLIP98-590-CLIMAS 1004 1537 - 422 601 116
FLIP97-503-CLIMAS 1046 - 617 602 813 112
FLIP97-695-CLIMAS 1108 - 572 566 841 112
FLIP97-548-CLIMAS 1402 - 593 332 160 111
FLIP97-537D-CLIMAS 817 - 595 664 706 102
FLIP97-501TL-CLIMAS 741 - 563 565 594 90
FLIP97-501SL-CLIMAS 589 - 555 497 619 82
FLIP97-501SD-CLIMAS 570 - 517 443 758 81
FLIP97-521-CLIMAS 767 - 348 417 520 75
Mean2 987 1377 646 573 812
LSD 5% 297 508 152 174 278
cv% 19 23 14 18 20
1 Mean yield data presented are preliminary and have not been analysed by REML methods.
2 Mean yield values shown are based on the trial mean, not selected crossbred lines presented here.
Disease screening
Disease reaction of kabuli chickpea crossbreds and standard varieties to ascochyta blight was
evaluated at Medina and Dongara in 2003.  Disease ratings were higher in the Medina nursery in 2003
where disease pressure and infection were more intense compared to Medina in 2002 and the field
nursery at Dongara in 2003 (Table 22).
At Medina in 2003, disease reaction of 46 kabuli chickpea crossbreds and five standard varieties was
evaluated.  The trial was inoculated by spreading ascochyta blight infected chickpea stubble across
the site after sowing when plants had established.  The trial was scored for disease reaction
15 September when some crossbred lines had commenced flowering.  At Dongara, a small sub-set of
13 crossbred lines and Kaniva was established for assessing reaction to ascochyta blight.  Each plot
was inoculated with one chickpea stem (stubble) infected with ascochyta blight when chickpea plants
were approximately at the 2-leaf stage.  The trial was scored for disease reaction in early August and
September.
In general, the standard varieties were very susceptible to ascochyta blight, but many of the crossbred
lines showed good resistance.  At both sites, there were no surviving plots of Kaniva by maturity.
Across sites in 2003, the crossbred lines FLIP97-530-CLIMAS, FLIP97-537D-CLIMAS, FLIP97-539-
CLIMAS, Flip97-503-CLIMAS and FLIP97-617 showed the best resistance compared to the standard
varieties.  The data generated from these nurseries will be used to assist in the selection of the best
adapted crossbred line for release in 2004/05.  A similar nursery(s) will be conducted in 2004.
Agribusiness Crop Updates 2004
Crop Updates is a partnership between the Department of Agriculture, Western Australia and
the Grains Research and Development Corporation
-34-
Table 21. Mean seed weight (msw), and seed size distribution of ascochyta resistant kabuli chickpea
crossbred lines at Dongara, 2002





% Kaniva > 9 mm 8-9 mm 7-8 mm < 7 mm
Kaniva 0.38 100 35 51 12 2
91ETA6021-CLIMAS 0.46 121 58 37 4 1
Flip94-90C 0.31 82 9 45 43 3
Flip94-92C 0.36 95 29 55 14 2
Flip97-501SD-CLIMAS 0.39 103 39 50 10 1
Flip97-501SL-CLIMAS 0.38 100 31 54 14 1
Flip97-503-CLIMAS 0.45 118 69 28 2 0
Flip97-521-CLIMAS 0.41 108 57 38 5 0
Flip97-527-CLIMAS 0.41 108 49 42 9 1
Flip97-529-CLIMAS 0.40 105 47 42 10 1
Flip97-530-CLIMAS 0.41 108 48 45 6 1
Flip97-537D-CLIMAS 0.45 118 62 34 4 0
Flip97-537L-CLIMAS 0.38 100 23 59 16 2
Flip97-539-CLIMAS 0.40 105 37 48 13 1
Flip97-548-CLIMAS 0.39 103 36 52 11 1
Flip97-590-CLIMAS 0.39 103 27 54 17 2
Flip97-600-CLIMAS 0.39 103 27 54 17 1
Flip97-607 0.36 95 37 41 20 2
Flip97-617 0.37 97 29 50 20 1
Flip97-620-CLIMAS 0.40 105 33 53 12 1
Flip97-648-CLIMAS 0.38 100 33 50 16 1
Flip97-653-CLIMAS 0.38 100 25 55 19 1
Flip97-657-CLIMAS 0.42 111 49 43 7 1
Flip97-673 0.39 103 23 58 18 1
Flip97-695-CLIMAS 0.42 111 36 54 10 1
S95342 0.38 100 26 50 21 2
Mean 0.39 2.5 2.0 1.3 0.2
LSD (5%) 0.1 5 4 3 0.4
cv% 1.8 8 5 12 23
Seed production and variety release
Seed production has been undertaken in conjunction with yield, disease and quality evaluation in an
effort to reduce the time to commercialisation of a new variety.  Seed production of the most promising
crossbred lines commenced by collecting single plants from plots at Bindoon between 1999 and 2001.
Further bulk-up of the best crossbreds has continued under irrigation at Carnarvon during 2001, 2002
and 2003, and at Deepdale (near Geraldton) in 2003.  Production of basic seed of the two most
promising crossbred lines will be undertaken by COGGO growers in WA and a commercial partner in
eastern Australia during 2004.  Smaller-scale bulk-up will continue at one or two sites in WA during
2004 for other crossbred lines with limited seed, but potential for varietal release.
Commercial release of the first improved ascochyta blight resistant kabuli chickpea variety is expected
towards the end of 2004.  Seed of the new variety will be available to growers for the 2005 growing
season.
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Table 22. Disease reaction1 of some kabuli chickpea crossbreds and controls to ascochyta blight





Howzat 7.2 - -
Kaniva - 7.4 5.2 8.0
Heera - 7.5 - -
Sona - 8.0 - -
Bumper 9.0 - - -
G846-3-9 - 8.7 - -
FLIP94-90C - 5.0 - -
FLIP94-92C - 4.3 - -
FLIP97-503-CLIMAS 3.0 5.6 0.5 2.2
FLIP97-521-CLIMAS 3.0 4.4 - -
FLIP97-529-CLIMAS 3.5 5.3 1.8 3.2
FLIP97-530-CLIMAS 3.0 4.3 1.2 2.2
FLIP97-537D-CLIMAS 3.0 4.3 0.7 1.7
FLIP97-537L-CLIMAS 3.0 5.0 - -
FLIP97-539-CLIMAS 3.0 4.3 1.3 2.0
FLIP97-548-CLIMAS 3.0 5.0 - -
FLIP97-590-CLIMAS 3.0 5.0 1.0 2.0
FLIP97-600-CLIMAS 3.5 5.5 - -
FLIP97-620-CLIMAS 3.0 4.5 1.7 2.3
FLIP97-648-CLIMAS 3.5 5.8 - -
FLIP97-653-CLIMAS 3.0 4.3 1.2 2.5
FLIP97-657-CLIMAS 3.0 4.5 1.5 2.8
FLIP97-695-CLIMAS 3.0 4.8 1.5 2.5
FLIP98-502-CLIMAS - 5.5 1.3 3.7
FLIP98-520-CLIMAS - 4.5 1.8 2.5
S98176-CLIMAS - 4.5 1.5 1.5
1 Disease score where 0 = no disease to 9 = dead.
2 Disease score made during the vegetative stage (VEG) and at flowering (FLW).
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T. Khan and B. French, Department of Agriculture, Western Australia
The WA field pea breeding program started in 1988.  It is part of the GRDC’s Australian Coordinated
Pea Improvement Program (ACPIP). As an ACPIP node it focuses on the Western Region to develop
new field pea varieties with higher yield, superior quality and better adaptation to short season
environments.  There have been a number of changes to breeding objectives over the last decade and
the current program is placing a greater emphasis on shifting the germplasm base from predominantly
white types to dun types and from normal leaf to semi-leafless types with greater standing ability.  A
recurrent selection program to improve black spot resistance is also being carried out.  The national
breeding program in its present form as ACPIP will cease on 31 December 2004.  Future pulse
breeding for Australia (funded by GRDC) is being proposed through a private company and will
include national breeding for field pea, chickpea and lentil.  Based on clear differences in adaptation of
field pea for WA environments, the impact of these changes is being addressed to ensure that field
pea development in WA will continue.  These issues are particularly critical in WA with the resurgence
of the field pea industry over the past few seasons.
During 2003, field pea trials were located at Dalwallinu, York, Merredin, Scaddan and Mount Barker.
Screening for black spot resistance was done at Medina.  Good seasonal rain promised high yield
potential.  However, severe waterlogging at Scaddan, transient waterlogging at Mount Barker and
possible herbicide damage followed by a mini-tornado at York, limited yields at these locations.  At
York, strong winds at harvest resulted in missing plots, contamination and reduced yield. The progeny
of single plant selections were particularly compromised.  At Dalwallinu, there was a dry-finish which is
not unusual for the area, but good moisture conditions in early spring ensured excellent yields.
Germplasm development and elite breeding lines
Over one hundred crosses were made to combine improved yield, adaptation, standing ability, quality
characteristics and black spot resistance.  Progress has been made to upgrade black spot resistance
in the parental material.  The breeding gene pool is steadily shifting to dun types and a greater number
of selections for improved standing ability have been made.  Advanced breeding lines were divided
into two trials; normal leaf (N) and semi-leafless (S) types.  The S lines were not sown at Merredin due
to limited seed supply.  A large number of N lines showed excellent yield potential and will be
promoted to the CVT stage 3 trials in 2004 (Table 23).  Of these, the dun type line 95P170-17 and
white seeded line 97P748-12 are particularly notable.  As our S program is still in its infancy, no lines
in the advanced trials matched Kaspa’s yield (Table 24).  However, 97P763-17 and 97P763-20
performed well.  Only those lines with good standing ability have been selected for the 2004 stage 3
CVT trials.
Variety evaluation
T. Khan, J. Garlinge and R. Hunter, Department of Agriculture, Western Australia
Evaluation of advanced field pea breeding lines was undertaken at 11 sites in 2003 and incorporated
Stage 3 and Stage 4 S and N types (Table 25).  Previous studies have shown that yield performance
of S types is improved by higher plant densities.  Therefore, S types were sown to achieve
80 plants/m2, while N types aimed for 67 plants/m2.  The yield results presented here are only from
preliminary analysis.
Seasonal conditions were excellent in 2003.  On average, mean yields ranged from 869 kg/ha at
Mullewa to 2530 kg/ha at Kumarl (Table 25).  The dun type variety Helena and the white and small-
seeded variety Sturt were the greatest yielding named varieties.  Snowpeak, Kaspa and Dunwa also
performed well producing yields at least 20% greater than Dundale.  Kaspa is a new S dun type
variety released by Victorian DPI.  Its improved standing ability and low pod shattering has generated
considerable interest in WA over the last two seasons.
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All of the S4 breeding lines produced greater yields than Dundale.  The lines WAPEA 2111 and
WAPEA2112 are white peas that have good seed size (~ 20 g/100 seeds) and have shown improved
yield performance over the past few years of testing.  Stage 3 breeding lines were grown in fewer trials
than S4 lines due to limited seed availability.
Table 23. Seed yield (as % of Dundale), ranking of yield across site, mean seed weight (msw, g/100
seeds) and seed type of normal leaf types (N) from advanced breeding trials that were
selected for promotion to the 2004 CVT stage 3 trials




Dunwa 108 151 96 163 118 3 22.0 Brown Dun
Helena 107 131 109 108 121 8 20.6 Green Dun
Parafield 104 107 104 113 100 28 24.5 Dun
Dundale 100 100 100 100 100 34 23.3 Dun
95P170-17 115 155 131 164 119 1 20.8 Dun
96P383-4 104 144 122 60 124 9 19.3 Dun
96P334-1 107 131 84 148 112 11 22.6 Green Dun
96P314-9 101 145 120 119 108 12 20.4 Light Dun
96P338-1 111 131 116 122 125 7 21.1 Light Green
96P484-5 104 144 104 124 108 10 21.9 Light Green
96P314-4 95 124 118 122 111 18 22.1 White
96P457-5 102 112 129 64 118 20 18.2 White
97P748-12 108 141 123 146 132 2 20.4 White
97P762-7 98 147 120 144 127 6 20.6 White
97P762-18 102 135 113 121 109 13 21.4 White
98P824-4-2 107 150 91 133 127 4 21.4 White
98P824-4-3 102 151 88 136 132 5 20.1 White
Dundale’s
yield (kg/ha)
2373 2695 1837 1285 944
Table 24. Seed yield (as % of Dundale), overall yield rank across sites, mean standing ability (scored on
1-9 scale, 1 = totally lodged), mean seed weight (msw, g/100 seed) and seed type in semi-
leafless lines from advanced breeding trials selected for CVT stage 3 trials in 2004






Excell 100 97 97 100 23 5.0 15.8 Blue
Kaspa 164 195 224 166 1 5.5 17.6 Brown Dun
Snowpeak 138 105 238 139 7 5.5 16.5 White
Helena* 133 110 174 134 8 2.0 15.1 Green Dun
Dundale* 100 100 100 100 24 2.0 17.6 Dun
97P763-11 117 165 97 118 13 5.5 15.8 White
97P763-13 127 118 170 128 11 5.0 13.8 Blue
97P763-17 144 169 224 145 2 5.0 15.6 Light Dun
97P763-20 140 170 153 141 4 5.0 16.2 Light Dun
97P763-21 114 119 166 115 14 5.0 15.9 Blue
Dundale’s yield
(kg/ha)
1805 2085 394 703
* Normal leaf type control.
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Dunwa 135 145 111 103 125 115 100 111 154 126 134 124
Kaspa1 151 118 107 89 121 142 112 118 157 137 114 124
Sturt1 160 152 108 111 134 129 96 107 175 - - 130
Helena 118 150 117 114 124 138 125 114 141 134 139 129
Snowpeak1 96 120 95 77 113 137 133 104 126 91 91 108
Cooke 127 155 109 76 113 191 100 115 133 101 109 121
Dundale 100 100 100 100 100 100 100 100 100 100 100 100
Parafield 97 86 102 85 98 135 62 94 121 97 92 97
WAPEA2111 129 90 105 90 117 129 132 113 145 120 123 117
WAPEA2112 152 129 115 122 123 136 125 123 140 121 124 128
WAPEA2144 161 73 100 112 113 132 99 102 150 142 135 120
WAPEA2145 154 102 109 95 113 92 110 102 157 133 137 119
WAPEA2152 110 176 99 106 107 133 127 123 116 85 134 120
WAPEA21681 - - - - - 105 - - - - - 105
WAPEA21691 - - - - 81 108 - 110 - - - 100
WAPEA2170 143 - 106 - 118 122 106 93 - - - 115
WAPEA2171 168 - 105 - 124 124 111 88 - - - 120
WAPEA2172 125 - 107 - 117 135 114 87 - - - 114
WAPEA2173 122 - 101 - 99 110 89 101 - - - 104
WAPEA2174 - - - - - 89 - - - -- - 89
WAPEA2175 89 - 96 - 82 54 112 73 - - - 84
WAPEA2176 125 - 73 - 68 63 64 89 - - - 80
WAPEA2177 117 - 88 - 110 93 123 102 - - - 106
WAPEA2178 113 - 106 - 106 108 79 105 - - - 103
WAPEA2179 126 - 97 - 103 119 89 101 - - - 106
SY Dundale2 1423 822 1603 1536 2209 1141 852 1667 1403 1775 2120
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WAPEA2180 121 - 98 - 100 112 94 84 - - - 101
WAPEA2181 101 - 99 - 116 118 95 100 - - - 105
WAPEA2182 97 - 76 - 83 122 123 76 - - - 96
WAPEA2183 116 - 88 - 94 98 118 64 - - - 96
WAPEA2184 90 - 94 - 86 60 78 83 - - - 82
WAPEA2185 110 - 100 - 95 69 102 86 - - - 94
WAPEA2186 117 - 95 - 114 107 109 93 - - - 106
WAPEA2187 131 - 103 - 109 102 105 84 - - - 106
WAPEA2188 123 - 99 - 102 118 118 90 - - - 108
WAPEA21891 110 - 100 - 98 111 69 100 - - - 98
WAPEA21901 - - 102 - 94 129 81 107 - - - 102
WAPEA21911 - - 91 - 100 108 74 115 - - - 98
WAPEA21921 - - 104 - 80 125 91 - - - - 100
90-16630-5 109 - 111 75 122 96 108 99 115 - - 104
95183-12-11 - - - - 118 133 - - - - - 125
M219-1-2-1 - - - - 129 137 - - - - - 133
P503-1-2 - - - - 124 153 - - - - - 139
PX-94-481 - - - - - 136 - - - - - 136
PX95-197-41 - - - - 97 108 - - - - - 103
PX-95-34-4 - - - - 121 120 - - - - - 121
PX9661-7-1 - - - - 110 130 - - - - - 120
PX-96-88-2   - - - - 121 126 - - - - - 124
PX-97-641 - - - - 105 97 - - - - - 101
SY Dundale2 1423 822 1603 1536 2209 1141 852 1667 1403 1775 2120
1 Semi-leafless breeding lines and varieties.
2 Seed yield of Dundale at each site.
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Large scale field pea variety trials
M. Harries M. Seymour, I. Pritchard, R. Beermier, G Shea, Department of Agriculture, Western
Australia
Large scale field pea variety trials were sown at eight sites throughout the State in 2003.  These
activities doubled as replicated paddock scale trials and focus sites for extension activities.  The main
purpose of the field scale trials was to evaluate yield and harvestability of the newer varieties using
commercial rather than plot size machinery.  At harvest, field day breakfasts were held at most sites to
give growers the opportunity to view field pea harvesting operations.
Plots were between 50 and 100 m long by one seeder bar width, depending on the site.  The
experimental design included extra replications of control plots (Dundale) added at regular intervals to
account for site variation.  Using this method all non-control plots were beside a Dundale control.  Due
to the large area required for this type of trial, most sites included only four varieties.
Kaspa performed extremely well and was the highest yielding variety at all sites where it was included.
The yield advantage of Kaspa was greatest at the southern sites (Scaddan and Borden), where it out-
yielded the next best yielding variety by more than 1 t/ha (Table 26).  From these results, it is clear that
Kaspa has a very high yield potential.  The yield advantage of Kaspa over other varieties decreased
as the season length of the trial locations decreased.  This is most probably due to the later flowering
of Kaspa compared to the other varieties evaluated.
Yield losses are reduced in Kaspa by improved harvestability through an erect growth habit (semi-
leafless), good pod height and an ability to withstand rain at maturity without lodging or shattering.
Many of the pods develop on the top third of the plant due to later flowering.
Harvest breakfasts were conducted at five of sites attracting over 100 growers.  The trials were also
used for extension purposes throughout the season and at the Field Pea Focus field day, exposing
varieties widely to growers, researchers and agribusiness.  Results of these trials along with
observations and feed back from growers suggest that Kaspa will become a common variety grown in
WA.
Table 26. Yield (kg/ha) of field pea varieties in large scale variety trials
Site Dundale Dunwa Helena Kaspa Parafield LSD 5% cv%
Scaddan 1642 2422 - 3717 2284 130 5.6
Grass Patch 2499 2282 2780 - 2268 ns 9.1
Borden 2181 2599 2173 3730 2493 347 12.7
Lake King 1115 1731 1392 - 1691 205 11.3
Muresk 1244 1506 1460 2137 1455 272 13.9
Mukinbudin 827 783 - 982 940 171 18.5
Mingenew 1593 1818 - 1922 1898 258 8.4
Mullewa 555 573 711 - 582 118 12.5
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Field pea varietal development and yield components
M. Seymour and R. Beermier, Department of Agriculture, Western Australia
From general observations it is apparent that the current commercially available field pea varieties
have a range of growth and developmental patterns.  To quantify these differences, and make
inferences about variety adaptation, five field pea varieties (Dundale, Dunwa, Helena, Parafield and
Kaspa) were assessed for components of yield at Borden in 2003.  Each week from 23 September to
18 November, fifteen stems were sampled from each plot of a replicated variety trial.  Sampling
commenced at peak flowering and continued until maturity.
Due to the small sample size, fifteen stems and the fact stems per plant were not measured the
components of yield do not fully describe how each variety achieved the final yield (Table 28).
However, the measurements provide an interesting insight into the relative development and maturity
of each variety.
Dundale produced more pods than the other varieties, but this may have been inefficient, because
many were small and produced small seed (Figure 5).  The major reason that Dundale produced more
pods was it’s indeterminate development, responding to late season rains to produce small pods and
seed.  Kaspa and Parafield were more determinant and did not respond less to late season rain once
pods were set.  The more recently released varieties tended to produce more seeds per pod than
Dundale and, with the exception of Helena, larger seeds.
Kaspa commenced flowering later than other varieties, but reproductive development was accelerated.
Kaspa was slightly later in starting to mature as indicated by moisture in pods and seeds and % brown
pods, but rapidly caught up and was ready to harvest before Dundale (Figure 5).
In order to simulate drying down of the crop and late harvest, pods of each variety were placed in an
oven at 60oC for five days.  Compared to other lines Kaspa had extremely low levels of shattering
(Figure 5).  This result concurs with field tests and observations of Kaspa’s durability at harvest.
Table 27. Yield component measurements on five field pea varieties at Borden
Flowers / 15 stems Total number of pods
Pods < 30 mm / 15 stems Dry pod weight
Pods > 30 mm / 15 stems Brown pods / 15 stems
Total moisture in pods/seeds % Brown pods to green pods
100SW Seeds per pod
Total seeds < 3.75 mm Number seeds > 3.75 mm
% Seeds < 3.75 mm % Shatter*
* % Shatter  -  green pods placed in oven at 60 degrees for 5 days.
Table 28. Date of 50% flowering, establishment (plants/m2) and grain yield (kg/ha) of field pea varieties
at Borden
Variety 50% flowering Plant/m² Yield
Dundale 30 August 36 2181
Dunwa 8 September 32 2599
Helena 3 September 42 2173
Kaspa 11 September 40 3730
Parafield 6 September 38 2493
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Figure 5. Yield components measured weekly between 18 September and 23 November for field pea
varieties Dundale (♦ ), Dunwa (   ), Helena (   ), Kaspa (x) and Parafield (Ж ) at Borden.
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Kaspa and a revitalised field pea package
M. Seymour, Department of Agriculture, Western Australia
Kaspa is a semi-leafless field pea variety, the plant type most commonly grown in Europe and
Canada.  European varieties have been widely tested in WA, but they are short and lack the vigour of
traditional trailing types such as Dundale.  The Victorian Department of Primary Industries breeding
program has improved the early vigour and robustness of semi-leafless lines, resulting in varieties
such as Kaspa.
The vigour of Kaspa matches and can exceed that of current conventional varieties and is certainly
superior to the semi-leafless types previously available.  Good early vigour provides early weed
competition, which is sometimes lacking with other semi-leafless lines.  In addition, good early growth
rates of Kaspa produce a reasonable amount of dry matter by flowering to form a good basis for
further growth, seed development and ultimately yield.
The commencement of flowering of Kaspa varies depending on location, but in general Kaspa is three
to five days later flowering than Parafield.  Pod development is quite rapid with seed filling occurring at
a similar time to other varieties.  Observations to date are that while Kaspa will flower later it will
mature at about the same time as Parafield, around three to seven days earlier than Dundale.
In 2003 there were numerous examples demonstrating Kaspa’s improved resilience to wet weather
during seed filling and at harvest compared to most other varieties.  This resilience to unfavourable
weather is due to reduced lodging from good stem strength and reduced pod shatter, due to the ‘sugar
pod’ characteristic of the variety.  These improvements should see less seed on the ground prior to
harvest, particularly if harvesting is delayed or the mature crop is subjected to strong winds or rain.
The stronger pod characteristic may also result in less pod shatter from the knife during harvest.
While these are major advantages, it is still necessary to prepare paddocks carefully by harrowing or
rolling and harvest Kaspa as early as possible to reduce shattering, splitting and seed quality
deterioration.  Harvest delays will also conflict with cereal harvest, and increases the chance of pea
weevil infestation both on farm and for grain handlers.
While harvest should be made easier with Kaspa, harvester set-up may need to be altered from that
used for conventional (trailing type) field pea varieties.  Semi-leafless varieties like Kaspa tend to be
light and fluffy at maturity, which can cause the build-up of material on the header front.  This is
particularly the situation for draper/belt fronts.  Some harvest suggestions to overcome this and
improve the harvesting of all field peas include; fitting a top auger above the belt on draper fronts to
assist feeding plant material to the centre, facing fingers backwards above belt/augers, using lupin
breakers to assist with movement of plant material, adding cutting wheels at ends of front to stop build-
up of material, and ensuring that concave wire gaps are at least 7 mm and not blocked.
Kaspa is an exciting development for the Australian field pea industry.  It combines a number of useful
traits that allow easier harvesting whilst maintaining crop vigour and yield.  Over the past two years of
vastly contrasting seasons in WA, Kaspa has proven itself to be a reliable yielding variety.
Application of polymers to reduce pod shatter of field pea
M. Seymour, S. Crook and C. Boyd, Department of Agriculture, Western Australia
In the United Kingdom polymers are commercially available as a harvest aid for canola.  The polymer
is used in conjunction with a desiccant (Reglone®) to stop the canola pods splitting during the rapid
dry down following Reglone® application.  In 2002, Polymer PF844 was applied to field pea in
conjunction with Gramoxone® while crop-topping in an un-replicated farmer strip at Esperance.  The
addition of the polymer reduced lodging and improved harvested yield by at least 30%.
An experiment using two field pea varieties (Parafield and Kaspa) in a factorial design with two
Gramoxone® treatments (0 mL/ha and 800 mL/ha) and five rates of polymer (0, 250, 500, 1000,
1500 mL/ha) was implemented at two sites, Mt Ridley and Lake King in 2003.  Trials were sown on 21
and 29 May 2003 at Lake King and Mt Ridley, respectively and established well.  The crops were top-
cropped at the standard time for this operation (approximately 75% maturity).
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When the polymer was applied at the time of crop-topping there was no reliable effect on yield
(Table 29) or pod shatter (Table 30).  The main finding from the trial was that Kaspa showed better
resistance to pod shatter than Parafield.
At Lake King, plants of Kaspa continued to stand at the end of the season, with similar harvest height
of lupins in the area.  This was in contrast to Parafield grown alongside, which lodged.  Pod height at
harvest ranged from 150-350 mm for Parafield to 380-500 mm for Kaspa.  This is a characteristic of
the development of Kaspa, being a semi-leafless late flowering variety that sets flowers further toward
the top of the plant than conventional dun-types.  Polymer application did not reduce lodging of Kaspa
or Parafield at either location.
At Mt Ridley 75 mm of rain fell after the application of the polymer and desiccation treatments.  This
resulted in a greater degree of lodging of both varieties, however Kaspa still had lower levels of pod
shatter (Table 30).  The plot harvester was not working efficiently at Mt Ridley with significant yield
losses on the ground (Table 31).  Data from Mt Ridley is shown for completeness, but the results are
likely to be compromised by the high harvest losses.
Given that newly released field pea varieties, such as Kaspa and Moonlight, use a genetic ‘sugar pod’
characteristic to successfully reduce shattering, there are no plans to pursue work on polymer PF844
or similar products in field pea.
Table 29. Seed yield (kg/ha) of field pea varieties treated with the polymer PF844 at Mt Ridley and Lake
King
Treatment Mt Ridley Lake King
Desiccant Polymer (mL/ha) Kaspa Parafield Mean Kaspa Parafield Mean
(+) Gramoxone 0 2499 2381 2440 2507 2292 2399
 250 2320 2257 2289 2438 2496 2467
 500 2334 2492 2413 2545 2198 2371
 1000 2274 2456 2370 2522 2444 2483
 1500 2348 2386 2367 2478 2564 2521
Mean 2355 2394 2375 2498 2399 2448
(-) Gramoxone 0 2543 2468 2506 2458 2258 2358
 250 2480 2553 2517 2367 2441 2404
 500 2491 2570 2531 2613 2439 2526
 1000 2513 2258 2386 2485 2517 2501
 1500 2439 2513 2476 2620 2366 2493
Mean 2493 2472 2483 2509 2404 2456
Grand Mean 2424 2433 2429 2503 2401 2452
LSD 5% 329 266
Table 30. Amount of field pea pod shatter (%) by varieties treated with the polymer PF844 at Mt Ridley
and Lake King
Treatment Mt Ridley Lake King
Desiccant Polymer (mL/ha) Kaspa Parafield Mean Kaspa Parafield Mean
(+) Gramoxone 0 7 37 22 51 91 71
 1500 7 33 20 24 99 62
Mean  7 35 21 38 95 66
(-) Gramoxone 0 3 50 27 37 70 53
 1500 0 7 4 53 80 67
Mean  2 29 15 45 75 60
Grand Mean  4 32 18 41 85 63
LSD 5% 7 15
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Table 31. Number of seeds on the ground after harvest (seeds/m²) of field pea varieties treated with
polymer PF844 at Mt Ridley and Lake King
Treatment Mt Ridley Lake King
Desiccant Polymer (mL/ha) Kaspa Parafield Mean Kaspa Parafield Mean
(+) Gramoxone 0 683 244 464 31 50 41
 1500 354 278 316 41 54 48
Mean 519 261 390 36 52 44
(-) Gramoxone 0 720 334 527 54 67 61
 1500 1098 204 651 54 78 66
Mean 909 269 589 54 73 63
Grand Mean  714 265 490 45 62 54
LSD 5% 611 36
Specialty field peas for high rainfall regions
P. White, M. Baker, and T. Khan, Department of Agriculture, Western Australia and CLIMA
Specialty field peas include marrowfat peas, maple peas and blue peas.  These species are used for
specific purposes, have relatively small markets and can command high prices.  In recent years a
small marrowfat pea industry started to emerge in the high rainfall South West of WA.  European
varieties were imported and seed multiplied.  These varieties have good seed size but are very
susceptible to bleaching due to the dry and warm season finishes in WA.
Several advanced lines of specialty field peas, which included bleach-resistant marrowfat peas were
received from the South Australian breeding program in 2002.  This germplasm was evaluated at
Williams in 2002 but because of the very dry season yields were low and the colour poor.  This
germplasm was tested again in 2003, in a milder climate at the Mt Barker Research Station (Table 32).
Plants were also desiccated prior to natural senescence in an attempt to prevent bleaching of the
marrowfat peas.
Plots (1.4 m x 20 m) were arranged in a randomised complete block design with three replicates.  The
site was a sandy duplex gravel soil with a pH (CaCl2) of 5.0 at 10 cm and 6.5 at 60 cm.  Several
periods of waterlogging occurred during the season, which may have affected plant growth in the trial.
Excessive stubble loads also reduced germination in one replicate of the experiment.
Seed yields were low reflecting the waterlogging at the site (Table 33).  Helena produced the highest
yields of just over 1500 kg/ha.  This was less than the yields produced by Helena at many other trial
locations in 2003 and the long term average of approximately 3000 kg/ha at Mt Barker.  The yields of
several lines were similar to Helena.  The line PX-97-14-1 produced the second highest yield and seed
of this line had excellent colour and size (data not presented).  More than 90% of the seeds retained
the green cotyledon colour giving the seed an even ‘blue’ appearance.  This line also produced the
second highest yield, after Helena, in the trial in 2002 with mean seed weight of 21 g/100 seeds.  The
maple pea line PX-95-183-12 also produced a high yield and good quality seed.  The seed was large,
plump and brightly coloured.
The yield and colour of the marrowfat peas were disappointing.  Seeds of all lines were badly
bleached, despite attempts to preserve the seed colour by early harvest.  Only the line
PX-95-100-11-1 produced a greater yield than Primo, the standard marrowfat variety, but this line
produced the largest proportion of bleached seeds, with less than 5% retaining their colour.
Results indicate that it will be difficult to achieve the yields and seed quality of marrowfat peas to
consistently produce a profitable crop in WA.  However, lines of blue and maple peas are available
that have potential to produce competitive yields and excellent seed quality.
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Table 32. Origin and characteristics of specialty pea lines and varieties
Line/variety Type Characteristic
PX-96-12-5 White Large seed from SA breeding program
PX-95-83-5-3 Blue Large seed from SA breeding program
M257-2-1-1 White Very large seed from SA breeding program
PX-89-152-1 Blue Large seed from SA breeding program
PX-95-183-12 Maple Very large seed from SA breeding program
PX-95-100-11-1 Marrowfat Very large seed, bleach resistant from SA breeding program
PX-96-104-4 White Very large and smooth seed from SA breeding program
PX-96-60-8 White Large and smooth seed from SA breeding program
PX-95-164-2-1 Marrowfat Very large and dimpled seed from SA breeding program
PX-96-30-1 White Large and smooth from SA breeding program
PX-96-30-8-1 White Very large and smooth seed from SA breeding program
PX-96-36-2 White Very large and smooth seed from SA breeding program
PX-96-62-4 Blue Very large and dimpled seed from SA breeding program
PX-96-62-6 Blue Very large and dimpled from SA breeding program
PX-97-14-1 Blue Large and smooth seed from SA breeding program
Primo Marrowfat Large seed from Cebeco Seeds in Europe
Dundale Dun Old standard variety
Helena Dun High yielding standard
Big Daddy Marrowfat Very large marrowfat from Cebeco Seeds in Europe
Excell Blue Variety release in SA.
Parafield Dun Variety released in SA produces large seed
Samson Marrowfat Large seed from Cebeco Seeds in Europe
Snowpeak White Very early, variety released by Victoria
Supra Marrowfat Large seed from Cebeco Seeds in Europe
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Table 33. Seed yield (kg/ha and % Helena) and early growth characteristics of specialty field pea lines










Helena 50 3.3 1568 100
Dundale 53 3.3 1152 73
Parafield 49 3.0 1037 66
Blue
PX-97-14-1 41 2.7 1438 92
PX-89-152-1 44 3.7 1072 68
PX-96-62-6 44 3.7 903 58
PX-95-83-5-3 48 1.7 816 52
PX-96-62-4 55 4.7 802 51
Excell 28 1.0 625 40
Marrowfat
PX-95-100-11-1 50 2.0 1123 72
Primo 46 2.7 1089 69
PX-95-164-2-1 43 2.0 995 63
Samson 55 2.0 950 61
Big Daddy 44 3.0 870 55
Supra 50 2.0 863 55
Maple
PX-95-183-12 51 1.3 1271 81
White
PX-96-36-2 55 2.3 1186 76
M257-2-1-1 56 2.0 1162 74
PX-96-60-8 56 2.7 1113 71
PX-96-30-8-1 44 3.0 1092 70
PX-96-104-4 48 2.3 972 62
PX-96-30-1 51 3.3 765 49
PX-96-12-5 48 2.7 756 48
Snowpeak 49 2.0 589 38
LSD 5% 6.3 0.37 167.6 -
cv% 16.1 17.3 19.6 -
1 Early vigour 1 = poor 9 = excellent.
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Rapid recurrent selection to improve black spot resistance and stem strength
in field pea
C. Beeck1, J. Wroth1, W. Cowling1 and T. Khan2
1Plant Science, The University of Western Australia
2Department of Agriculture, Western Australia
Blackspot (Mycosphaerella pinodes) is the most damaging disease of field pea in the world and
impacts heavily on yield and seed quality of the Australian crop.  Blackspot has become an
established disease in all field pea growing regions of Australia and there is limited disease resistance
in commercial varieties.  The disease is currently controlled through robust crop management
packages, including sowing time, rotation, distance from previous field pea crops and improved high
yielding varieties.  Due the lack of disease resistant varieties in other pulse species (faba bean and
chickpea) and the need for more legume crops for the medium to heavy soil types, interest in field pea
has escalated.  To allow for further adoption and expansion of the field pea area, the availability of
new varieties with blackspot resistance is desirable.  Disease resistant varieties would allow for
greater flexibility in sowing time and paddock selection.
Field pea breeding in the past has focused on finding major gene resistance.  To date this pursuit has
been unsuccessful, because of the proven polygenic nature of resistance inheritance.  Therefore, this
study is focusing on using recurrent selection to exploit resistance genes in a population and
concentrate them into elite progeny.  The project has evaluated a wide variety of germplasm from both
Australia and overseas.  The process of recurrent selection has also allowed for other traits, such as
stem strength, to be improved simultaneously to disease resistance.  The project has so far
progressed breeding populations through the first stage of S2 recurrent selection and is developing
germplasm with improved disease resistance and stem strength for the Australian field pea industry.
In 2003 the progeny of the first cycle of selection were assessed against the original parents for
disease resistance, stem strength and other traits at the Medina research station.  There were a
considerable number of progeny showing improvement over parents for specific traits and some for
multiple traits.  The selected progeny were crossed in January of 2004 and will be assessed as F2
single plants in winter 2004.
The stem strength work of 2002 suggested a quick quantitative method of assessment in the field.
This method simply requires stem measurements to be taken with digital callipers which correlate to
actual physical strength characteristics taken in the laboratory. This method was used for the selection
of progeny in the disease trial at the Medina research Station.
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Lentil
K. Regan, Department of Agriculture, Western Australia
Approximately 2,500 ha of lentils were grown in WA during the 2003 season.  Digger and Cassab
were the main varieties grown.  The growing season proved to be one of the best in many years in
WA.  Rainfall was average to above average over most of the agricultural regions falling at optimal
times.  Generally, the occurrence of fungal diseases, such as ascochyta blight and botrytis grey
mould, in lentil trials and commercial crops were minimal.  Difficulties with harvest were experienced in
some areas where late spring rainfall caused some lodging and loss of pods.  Average seed yields of
commercial crops ranged from 0.6-2.0 t/ha and seed quality has been excellent.  With prices
remaining firm at around $400-430/t, lentils continue to be a profitable crop for growers and an
alternative pulse for widening the cropping rotation.
In 2003, lentil trials included evaluation of germplasm, pre-release lines and varieties through the
Coordinated Improvement Program for Australian Lentils (CIPAL), and herbicide tolerance trials.
Lentil research and experiments were also undertaken through an Australian Centre for International
Agricultural Research (ACIAR) project exploring ‘Productivity and yield stability in Australia and Nepal’.
Germplasm evaluation
K. Regan1, L. Young1, C. Veitch1 and M. Materne2
1Department of Agriculture, Western Australia
2Department of Primary Industries, Victoria
Advanced breeding lines were evaluated for adaptation and yield performance in WA in a Stage 2 (S2)
and Stage 3 (S3) trial at Merredin Research Station in 2003.  The breeding lines selected for these two
trials are potentially high yielding lines, with desirable characteristics, such as ascochyta resistance,
identified in Stage 1 (S1) preliminary trials at Horsham, Victoria and other primary sites.  Evaluating
germplasm at an early breeding stage in WA assists to identify and capture adapted crosses suitable
for the western region that can be progressed for evaluation in S3 and S4 trials.  The S2 trial consisted
of 88 lines/varieties with variable replicates and the S3 trial included 48 lines/varieties with two
replicates.  Plot size was 0.92 m (4 rows) by 10 m long.  Seed yield was analysed using REML
statistical methods.
The trials were sown on 27 May.  Sowing conditions were favourable with adequate soil moisture.  In
general, seasonal rainfall (May-October) was slightly above average and rainfall events were
significant and well-timed.  Weed control was good at the site.  Aphids were observed in plots during
early September and October and insecticide was applied promptly.  There were no diseases
observed, but the site received a prophylactic fungicide application in mid-September after podding
had commenced.
The mean seed yield in the S2 trial exceeded 1100 kg/ha (Table 34).  Four breeding lines
(97-049L*00H020, 97-049L*00H007, 97-049L*00H060 and 98-085L*00R005) produced more than
30% greater yield than Digger.  Cassab produced 7% greater and Northfield 34% less seed yield
compared to Digger.  Plant establishment was variable in this trial and ranged from 52 to
177 plants/m2.  The poor germination in some plots may have been due to the shortage of good
quality seed following the drought in 2002.  A number of lines were tall, exhibited early maturity and
showed high biomass production around flowering and podding.  In particular, 99-083L*00HS040,
94-005L*99H019and 97-004L*00H021 were stand out lines.  One line (97-031L*00H032) appeared to
be more susceptible to aphids than other breeding lines in the trial.
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Table 34. Plant establishment (plants/m2), time in days after sowing to flowering (FLW), seed yield
(kg/ha and % Digger) and mean seed weight (MSW, g/10 seeds) of the highest yielding S2
lentil breeding lines and varieties at Merredin 2003






Cassab 117 107 1400 107 3.59 102
Cumra 118 99 1260 96 3.88 110
Digger 116 98 1310 100 3.53 100
Northfield 102 113 860 66 2.82 80
97-049L*00H020 153 91 1460 112 4.78 135
97-049L*00H007 123 83 1280 98 4.74 134
97-049L*00H060 161 83 1280 98 4.68 133
94-004L*99R090 119 83 1320 100 4.62 131
98-085L*00R005 93 80 1110 85 4.64 131
96-024L*00H059 95 100 1230 94 4.52 128
96-024L*99H002 133 85 1310 100 4.41 125
98-033L*00H028 115 100 1050 80 4.38 124
96-024L*00H036 105 91 1410 107 4.31 122
94-004L*99R092 87 80 1250 95 4.31 122
96-024L*99H049 120 107 1230 94 4.29 122
98-033L*00H020 84 100 1210 92 4.22 120
99-029L*00HS030 121 100 880 67 4.23 120
99-083L*00HS040 157 91 1530 117 4.20 119
96-024L*00H063 116 100 1430 109 4.20 119
94-004L*99R008 135 100 1150 87 4.18 118
95-008L*99R011 148 83 1030 78 4.14 117
I96S155L*00H048 103 114 910 69 4.09 116
99-029L*00HS028 100 114 1170 89 4.06 115
97-031L*00H010 105 98 930 71 4.07 115
98-034L*00H073 89 100 1120 86 4.02 114
96-024L*00H006 156 91 1340 103 3.98 113
99-075L*00HS042 103 100 1090 83 3.98 113
95-008L*99R014 132 80 1150 88 3.96 112
98-046L*00H013 100 116 910 69 3.94 112
98-085L*00R006 132 93 1120 86 3.93 111
97-029L*99R167 93 83 1050 80 3.90 110
I96S175L*00H014 104 114 890 68 3.85 109
97-021L*00H020 121 109 1170 89 3.83 108
I95S98L*99H001 89 80 1050 80 3.81 108
97-039L*00H083 109 107 1170 89 3.76 107
94-009L*99H081 128 107 890 68 3.78 107
95-008L*00R011 52 80 850 65 3.77 107
97-021L*00H017 89 91 1160 89 3.73 106
98-034L*00H050 91 97 1060 81 3.69 105
99-078L*00HS035 120 100 1040 79 3.69 105
97-039L*00H061 101 114 1040 79 3.69 105
97-031L*00H012 155 100 1270 97 3.66 104
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In the S3 trial, plant establishment was less than the target density (150 plants/m2), but reasonably
consistent across lines/varieties (Table 35).  The mean seed yield exceeded 1500 kg/ha.  A number of
high yielding lines (95M3-24, 94-009L*99R026 and 96-024L*99H064) also showed early maturity and
high biomass production around flowering and podding.  The Digger mutant line 95M3-24 which
performed well in this trial, also performed well in S4 trials in WA and at other sites across Australia.
Cassab produced 10% greater seed yield than Digger, while Cumra and Northfield about 30% less.
Nugget produced a similar seed yield to Digger.  It was noted that CIPAL401 was shorter than Cassab
and 97-039L*99R098 was already lodging at podding.  The salt tolerant breeding line
98-043L*99HS021 produced 9% greater yield than Digger, but other salt tolerant lines
(94-005L*99H037, 97-039L*99R098, 97-039L*98S062-99HS001 and 97-039L*99R120) and the rust
resistant line (94-011L*99H024) did not perform well in this trial.
The results from the S2 and S3 trials in WA and similar trials across Australia will be used to evaluate
the potential of these lentil breeding lines.  Promising lines will be selected for further screening and
yield evaluation in 2004.
Variety evaluation
K. Regan, L. Young, C. Veitch, R. Beermier, M. Harries and M. Blyth, Department of Agriculture,
Western Australia
Five Australian varieties and 11 promising advanced lentil lines were sown at four sites across WA
(Merredin, Mukinbudin, Mingenew and Lake King) for evaluation of adaptation and yield in Stage 4
(S4) trials in 2003.  The S4 trials were a row column partially balanced design with four replicates.
Plot size was 6 rows (1.5 m wide) by 15 m long.  Data presented here were analysed using analysis of
variance (seed yields are still to be analysed using REML statistical methods).
At all sites, plants established well and good growing conditions were experienced.  Plants established
close to the target density of 150 plants/m2 at Merredin and Lake King, and densities were quite
consistent across varieties/lines at all sites, except Mukinbudin (Table 36).  No diseases were
observed in the trials, but a prophylactic fungicide was applied mid-podding at each site.  All trials
were sprayed to manage aphids.  There were some weeds in the trials at Mukinbudin and Lake King.
At Mingenew, herbicide (Brodal®) applied at the 3 leaf stage caused foliar and stem damage in some
breeding lines and varieties. CIPAL 202, CIPAL203 and Nugget showed the most damage, while
CIPAL102, CIPAL204 and 95M3-7 the least.  Rainfall at maturity (17-18 November) delayed harvest at
Mukinbudin and resulted in some lodging and pod drop.  At harvest, it was estimated that Digger and
CIPAL104 shed approximately 20% of pods, while Matilda and Cassab shed about 10-15% at this site.
Flowering time was measured at Merredin and Lake King (Table 37).  Overall, flowering occurred
slightly later at Lake King than Merredin and ranged from 91 to 130 days after sowing.  The Digger
mutant 95M3-7 and CIPAL206 were the earliest lines, flowering between three to nine days before
Cassab and Digger.  Some of the older varieties (Northfield and Matilda) and advanced lines
(CIPAL102, CIPAL203, CIPAL204 and CIPAL205) flowered too late for this environment.  At flowering,
CIPAL104, CIPAL105 and 95M3-24 were tall and showed excellent biomass production.
Mean seed yield ranged from 777 kg/ha at Lake King to 1846 kg/ha at Merredin (Table 38).  On
average, the Digger mutants, 95M3-24 and 95M3-7, CIPAL202, CIPAL206, and Cassab produced the
greatest yields.  The varieties Northfield and Matilda along with the breeding lines CIPAL204 and
CIPAL205 performed poorly compared to Digger and are generally not well adapted to WA
environments.  A lodging score was made prior to harvest at Lake King, which showed significant
lodging in plots of the breeding lines CIPAL201, CIPAL206 and CIPAL102.  Nugget exhibited the least
amount of lodging.
Mean seed weights were similar across sites and for red cotyledon types ranged from 2.5 g/100 seeds
(CIPAL102) to 4.4 g/100 seeds (CIPAL104) (Table 39).  The green cotyledon line CIPAL105 produced
larger seeds than Matilda, which is preferable for export markets.  CIPAL105 also showed improved
yield performance compared to Matilda at most sites, but generally produced more than 20% less yield
than Digger.  The best yield performers in 2003 produced seeds similar in size (95M3-24) or larger
(95M3-7) than Digger and Cassab.
Agribusiness Crop Updates 2004
Crop Updates is a partnership between the Department of Agriculture, Western Australia and
the Grains Research and Development Corporation
-52-
In contrast to WA, Digger and Cassab performed relatively poorly in south-eastern Australia compared
to Nugget, Northfield and Matilda.  This highlights the importance of interstate testing to identify
breeding lines with adaptation to local environments, particularly at early stages in the breeding
program.  The lines 95M3-24, 95M3-7 and CIPAL206 showed the best promise for WA with good
height, biomass production and early maturity.
Table 35. Plant establishment (plants/m2), time in days after sowing to flowering (FLW), seed yield
(kg/ha and % Digger) and mean seed weight (MSW, g/100 seeds and % Digger) of the highest
yielding S3 lentil breeding lines and varieties at Merredin 2003






Cassab 105 89 1790 110 3.50 100
Cumra 109 98 1150 70 3.79 108
Digger 119 92 1630 100 3.50 100
Northfield 99 99 1170 72 2.72 78
Nugget 131 95 1630 100 3.70 106
94-004L*99H053 106 94 1670 102 5.98 171
CIPAL402 136 90 1680 103 5.90 169
94-003L*98H039 134 90 1630 100 5.32 152
98-087L*99HS001 142 82 980 60 4.39 125
CIPAL401 125 81 1570 96 4.26 122
97-039L*98S058 115 99 1520 93 4.25 121
I93S180L*98H012 117 81 1610 99 4.14 118
94-003L*98H028 115 92 1540 94 4.08 117
97-039L*98S062-99HS001 104 90 1280 79 4.08 117
95M3-7 120 88 1640 101 4.05 116
94-004L*99R032 119 92 1400 86 4.02 115
97-039L*99R120 121 80 1270 78 3.92 112
96-034L*99H079 109 101 1650 101 3.88 111
ILL8095 135 99 1600 98 3.89 111
97-039L*99R098 114 99 1470 90 3.86 110
96-024L*99H065 117 91 1390 85 3.86 110
96-051L*99R011 100 96 1480 91 3.75 107
I94S188L*97H4 113 89 1960 120 3.66 105
97-029L*99H033 124 90 1520 93 3.65 104
94-005L*99H037 115 99 1500 92 3.65 104
95M3-21 107 86 1560 95 3.60 103
97-039L*98S029 125 98 1480 91 3.62 103
97-039L*99R057 133 91 1590 98 3.58 102
95M3-24 122 96 1870 115 3.54 101
94-009L*99H089 123 90 1510 93 3.49 100
94-009L*99H147 149 94 1850 113 3.48 99
97-029L*99R056 107 94 1510 92 3.45 99
94-008L*99H003 139 100 1320 81 3.46 99
Mean 120 93 1530 3.70
LSD 5% 48 13 340 0.6
cv% 20 7 11 8.0
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Table 36. Plant density (plants/m2) in lentil variety (S4) trials
 Variety/line  Merredin  Mukinbudin  Mingenew  Lake King
 Cassab  144  112  104  150
 Digger  133  112  105  155
 Matilda  147  112  106  147
 Northfield  144  111  104  154
 Nugget  126  108  113  139
 95M3-21  151  131  119  146
 95M3-24  145  116  116  159
 95M3-7  136  104  119  159
 CIPAL102  137  108  103  149
 CIPAL104  125  117  111  160
 CIPAL105  156  121  112  150
 CIPAL201  146  99  111  147
 CIPAL202  135  117  113  158
 CIPAL203  146  116  106  151
 CIPAL204  146  107  113  152
 CIPAL205  138  95  108  149
 CIPAL206  144  111  122  153
 Mean  141  112  110  152
 LSD 5%  28.1  24.6  15.5  19.4
 Cv%  14  16  10  9
Table 37. Time to 50% flowering (days after sowing) in lentil variety trials at Merredin and Lake King
 Variety/line  Merredin  Lake King
 Cassab  94  108
 Digger  94  106
 Matilda  112  115
 Northfield  116  120
 Nugget  95  106
 95M3-21  92  104
 95M3-24  94  103
 95M3-7  91  98
 CIPAL102  130  104
 CIPAL104  94  100
 CIPAL105  95  104
 CIPAL201  99  107
 CIPAL202  97  105
 CIPAL203  118  118
 CIPAL204  124  120
 CIPAL205  119  118
 CIPAL206  91  98
 Mean  103  108
 LSD 5%  11  6
 cv%  8  4
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 (kg/ha)  % Dig  (kg/ha)  % Dig  (kg/ha)  % Dig  (kg/ha)  % Dig
 Mean
% Dig
 Cassab  2153  106  1037  103  1914  95  1107  110  104
 Digger 2044 100 1015 100 2016 100 1011 100  100
 Northfield 1254 61 298 29 1227 61 703 70  55
 Nugget 1874 92 844 83 1310 65 887 88  82
 Matilda 1709 84 567 56 1391 69 711 70  70
 95M3-7  1956  96  1127  111  2136  106  1344  133  112
 95M3-21  2035  100  975  96  1735  86  913  90  93
 95M3-24  2183  107  1252  123  2077  103  1220  121  114
 CIPAL102  1581  77  719  71  1273  63  1021  101  78
 CIPAL104  1967  96  904  89  2015  100  1147  113  100
 CIPAL105  1650  81  639  63  1456  72  839  83  75
 CIPAL201  1852  91  467  46  1761  87  741  73  74
 CIPAL202  2000  98  861  85  2010  100  1329  131  104
 CIPAL203  1630  80  702  69  1392  69  1085  107  81
 CIPAL204  1304  64  339  33  746  37  486  48  46
 CIPAL205  1561  76  419  41  1185  59  719  71  62
 CIPAL206  2328  114  794  78  2196  109  1143  113  104
 Mean  1846   777   1653   973   
 LSD 5%  292   188   365   316   
 cv%  11   17   16   23   
Table 39. Seed type (red or green) and mean seed weight (g/100 seeds) in lentil (S4) variety trials
 Variety/line  Seed type  Merredin  Mukinbudin  Mingenew  Lake King  Mean
 Cassab  Red  104  101  100  105  103
 Digger  Red  (3.4)  (3.7)  (3.6)  (3.6)  (3.6)
 Matlida  Green  131  126  122  119  125
 Northfield  Red  81  80  79  78  79
 Nugget  Red  102  103  101  98  101
 95M3-21  Red  102  105  96  103  102
 95M3-24  Red  107  101  101  101  102
 95M3-7  Red  122  116  110  110  114
 CIPAL102  Red  72  68  66  68  69
 CIPAL104  Red  122  118  115  118  118
 CIPAL105  Green  166  142  142  157  152
 CIPAL201  Red  109  98  102  97  102
 CIPAL202  Red  92  88  93  96  92
 CIPAL203  Red  77  81  80  79  79
 CIPAL204  Red  102  92  95  93  96
 CIPAL205  Red  87  81  80  79  82
 CIPAL206  Red  116  105  104  104  107
 Mean   3.6  3.7  3.6  3.7  
 LSD 5%   0.16  0.25  0.20  0.2  
 cv%   3  5  4  5  
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Productivity and yield stability in Australia and Nepal
C. Hanbury 1, 2, C. Francis1 and K. Siddique1
1CLIMA, The University of Western Australia
2Department of Agriculture, Western Australia
In 2001 an ACIAR project was commenced in collaboration with the Nepal Agricultural Research
Council (NARC).  The project aims to improve the productivity, yield stability and profitability of lentils
in Nepal and Australia through improved germplasm (drought resistance, early vigour, early flowering,
rapid pod set, waterlogging tolerance and disease resistance) and crop management practices.
Genotype by environment
As part of this project a genotype-by-environment study was initiated in 2001, which involves 35 lentil
lines grown in three environments in Australia, namely Merredin, Rosebery (Vic) and Horsham (Vic).
These lines are also grown in three environments in Nepal.  These trials were repeated in 2002 and
2003.  Data recorded include phenology (times to flowering and maturity), peak dry matter production,
yield, and yield components.  The aims of the trial series are to identify lentil genotypes that are better
adapted to drought stress and to characterise such genotypes.  At the time of writing, 2003 data was
not analysed.
In 2001 the Merredin trial grew outstandingly with a mean site yield of 1.6 t/ha and a range of 1.4 to
2.1 t/ha.  The other trials in Australia in 2001 were badly affected by ascochyta with mean yields of
0.35 and 0.84 t/ha.  Of the three Nepal trials only one established well and this was affected by
Stemphyllium blight.  In 2002 all Australian trials were severely affected by drought and two were lost.
Fortunately the Nepal trials grew very well and were harvested in March 2003.
In Australia, current varieties have yielded best so far (Nugget, Northfield, Cassab and Digger)
averaging 1.2 t/ha.  The poor yield of genotypes of Indian sub-continent origin and other test
genotypes is largely a reflection of their poor ascochyta resistance.  Most genotypes that generally
perform well in Nepal did not do so in Australia (e.g. ILL6829 and Simal).  One genotype (ILL 7982)
being considered for release in Nepal performed well both in Nepal in 2002 and in Merredin in 2001
(where it achieved 92% of the best line’s yield).  Australian varieties Cassab and Cumra were also
grown in Nepal and performed poorly, seemingly unadapted and susceptible to Stemphyllium.  There
is not enough Nepal data yet to make solid conclusions over the difference in adaptation between the
two regions.  The confounding effects of disease and severe drought have limited the usefulness of
the data set as it exists at present.  At the Nepal site there were significantly better yields from test
genotypes (ILL 6829, ILL 7982) over the established variety Simal.  In general those genotypes that
performed well in Nepal did not in Australia and vice versa.  With several more successful trials over
the coming seasons it is anticipated that better conclusions can be drawn.
Relay sowing studies
Since lentils are often sown in Nepal as a relay, where lentil seed is sown into standing soon-to-be
harvested rice, early waterlogging can severely limit lentil growth.  This sowing method has been
incorporated into the genotype by environment trials, already mentioned, in order to identify lines that
are best adapted to this sowing method.  The first of these trials in Nepal were harvested in March
2003.  In order to establish a screening method, a large glasshouse trial was conducted in WA during
December 2002, which sought to apply early waterlogging and to establish if variation could be
detected in root growth and recovery from waterlogging in three genotypes of lentil.  The data from this
experiment is still being analysed and it is not yet clear whether there was significant variation
amongst the genotypes chosen.
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Tolerance of lentil to post-emergent herbicides
M. Harries, Department of Agriculture, Western Australia
Lentil is suited to many of the red loamy soils of the Mid-West region of the northern cropping region.
Seed yields greater than 1.5 t/ha are possible, and yields of up to 1.8 t/ha were achieved in this trial
(Table 40).  One of the concerns for lentil growers is the limited availability of registered chemicals for
weed management in crop.  In particular, broad leaf weeds are difficult to manage in lentil crops, and
currently the only herbicide registered for this purpose is Brodal®.
Many growers and advisers are not aware of the full range of herbicide options that are available for
broadleaf weed control in lentil and consider that weeds such as doublegee cannot be managed.  A
wide range of chemicals can be used pre-sowing to provide residual control of broadleaf weeds, which
include Bladex®, Diuron, and moderate rates of Lexone®.  The herbicide Brodal® can be used post
emergent.  Promising results have also been obtained in experiments using rates of 70 to 80 mL of
Brodal® and 15 grams of Broadstrike®.  Desiccation is another weed management option that can be
used in lentil to reduce seed set from late germinating and resistant weeds.  While some reasonable
herbicide options are available, it is essential to set the paddock up with a low broadleaf weed burden
for a trouble-free lentil crop.
As with other crop species, the reaction and ability to recover from herbicide applications is influenced
by soil type and environmental conditions, so it is necessary to continue to test the commonly used
herbicides over a range of soil types and seasons.  It is also necessary to look for more options for
broadleaf weed control in lentil.
The trial was a randomised block design of three replicates, with the fourteen post-emergent herbicide
treatments randomised within each block.  The trial was sown at north Mingenew on 20 May.
Adequate moisture was available at sowing, but a hot dry period for three weeks after sowing resulted
in soil crusting.  This was exacerbated by the use of a rubber tyre roller to flatten the paddock directly
after sowing.  Establishment was slow with poor early vigour in the first three weeks of emergence due
to the dry June conditions.  However, plant density was reasonable at an average of 128 plants/m2
and even across the three replicates.
Post-emergent treatments were applied on 2 July in good spray conditions to actively growing plants;
Rainfall of 48 mm was received at the site in the previous seven days.  A water rate of 48 L/ha and
pressure of 200 kPa were used.  The stage of plant growth was a little variable due to the extended
establishment period, but most plants were at the three or four leaf stage.
Sniper® and Brodal® caused damage including leaf flecking and burning.  Considering the amount of
visual damage, yields from the group F chemicals were surprisingly good and Brodal® application did
not result in significant yield loss (Table 40).  Broadstrike® appeared to increase yields in this trial.
This has not previously been observed and is most likely to be an anomaly associated with this
season rather than any consistent effect.  Many of the other herbicide combinations used did not
reduce yield compared to the unsprayed control, but these are not registered.  Raptor® and Balance®
should not be used post-emergent on lentils.
Seed size was reduced by some herbicide treatments, including Brodal 100 mL/ha, Lexone 200 g/ha,
Brodal 60 mL/ha plus Lexone 60 g/ha and Sniper 33 g/ha, data not presented.  However, the small
reductions in actual size observed would not impact on marketability.
Off label herbicides were used in this trial.  Brodal® is the only post-emergent broadleaf herbicide
registered for lentil.
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Table 40. Herbicide cost ($), seed yield (SY, kg/ha and % Nil treatment), dry matter production at
flowering (DM, g/m2) and herbicide damage rating on 15 July (Rating) of lentil post-emergent
herbicide tolerance trial at Mingenew
Treatment $ SY % Nil DM Rating1 Comments
NIL  1467 100 174.0 0.0 Healthy.
Brodal 100 mL/ha 13.60 1415 96 160.0 4.0 Flecking some necrosis.
Lexone 100 g/ha 6.60 1387 95 158.0 0.7
Mild leaf margin necrosis 10% of
plants.
Lexone 200 g/ha 13.20 1481 101 131.3 2.0 Necrosis leaf tips 30% plants.
Brodal 60 mL/ha
Lexone 60 g/ha
12.12 1417 97 116.7 3.3 Brodal leaf flecking prominent.
Broadstrike 15 g/ha 8.40 1639 112 168.0 0.0 Healthy.
Broadstrike 25 g/ha 14.00 1856 126 135.3 1.0




19.28 1748 119 123.3 3.7 Leaf flecking at margins.
Sniper 33 g 13.50 1350 92 139.3 4.3
Similar damage as 100 mL
Brodal.
Sniper 50 g 20.45 1444 98 134.0 6.0
Leaf necrosis severe some
plants dead.
Raptor 23 g 13.45 1193 81 158.0 0.0
Healthy but typical SU stunting
and pale later.
Raptor 45 g 26.32 1057 72 113.3 0.7
Very damaging 6 weeks after
application pale and stunted.
Balance 100 g 26.60 1222 83 103.0 5.0
Very poor leaves cupped all new
growth chlorotic/necrotic.
Balance 200 g 53.20 1400 95 91.3 6.0
Very poor leaves cupped all new
growth chlorotic/necrotic.
LSD 5%  289.4  59.66 0.69  
cv%  11.9  26.6 6.5  
1 Herbicide damage ratings:  0 = no damage 9 = dead.
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Vetch
M. Seymour and R. Beermier, Department of Agriculture, Western Australia
Vetch germplasm and varieties were evaluated at two sites (Scaddan and Nyabing) in 2003
(Table 41).  Growing conditions were good at both sites during the season.  Vetch grew extremely well
at Scaddan with no pests or diseases.  At Nyabing, vetch grew well but there was a low density of wild
radish infestation throughout the trial site.  Many lines out-yielded Languedoc at Nyabing.
Interestingly, the line SA-34563, which was the only line out-yielding Languedoc at Scaddan,
produced the least yield at Nyabing.
Table 41. Seed yield (kg/ha, % Languedoc) of common vetch germplasm in yield evaluation experiments
at Nyabing and Scaddan 2003
Nyabing Scaddan
(Sown 4 June, Harvest 4 December) (25 May, 5 December)Variety/line
Seed yield % Languedoc Seed yield % Languedoc
Languedoc 1074 100 2284 100
Morava 1214 113 1276 56
SA-2681 1819 169 2009 88
SA-33600A 1172 109 1406 62
SA-34182 1253 117 1381 60
SA-34200 1624 151 2008 88
SA-34419 1677 156 1911 84
SA-34433 1464 136 1966 86
SA-34462 1610 150 1705 75
SA-34544 1535 143 1977 87
SA-34563 947 88 2550 112
SA-34606 1563 146 1951 85
SA-34718 1453 135 1601 70
SA-34719 1657 154 2232 98
SA-35243 1365 127 2407 105
Mean 1428 133 1911
LSD 5% 185 264
cv% 9 10
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Lathyrus species
K. Siddique1, C. Hanbury2 and K. Regan2
1CLIMA, the University of Western Australia
2Department of Agriculture, Western Australia
Lathyrus cicera and L. sativus have potential as multi-purpose crops in low to medium rainfall dryland
farming systems.  They are tolerant to a wide range of herbicides, tolerate some waterlogging, have
no serious diseases, have high seed protein levels (25-30%) and are highly palatable to a range of
animals.  Animal feed studies with Lathyrus show that it is competitive or better than lupins for
producing live weights gains and wool growth in sheep.  The neurotoxin 3-(-N-oxalyl)-L-2,3-diamino
propionic acid (ODAP) in Lathyrus spp. has constrained commercial releases to those with low seed
concentrations (< 0.10%).  In 1998, CLIMA released one L. cicera variety ‘Chalus’ which has an ODAP
concentration of 0.09%.
In order to develop a high yielding Lathyrus sativus variety with low levels of ODAP (less than 0.1%), a
hybridisation program was initiated through CLIMA in 1993.  One promising line, Lathyrus 20B (ODAP
concentration of 0.05%), was developed in this breeding program and seed production of has
commenced, with a view to commercially release the variety in 2005.  Lathyrus 20B is well adapted to
low-high rainfall, neutral to alkaline fine textured soils in southern Australia.  It has waterlogging and
drought tolerance and seed yield has been similar or slightly less than field pea over the evaluation
period (5 years).  Lathyrus 20B provides excellent potential as a multipurpose crop for feed grain in
cattle and sheep, fodder, hay and green manure.
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Pulse species
Land evaluation for pulse production in WA
D. van Gool1, P. White1, N. Schoknecht1, R. Bell2 and W. Vance2
1Department of Agriculture, Western Australia
2Murdoch University
This paper reports progress of an ACIAR funded project designed to assess land suitability for crop
diversification in south-western Australia.  In recent years, much has been written and promised about
the potential for highly profitable pulses industries in WA.  Unfortunately the expansion of chickpea,
faba bean and lentil cropping in WA has stalled, despite the significant advances that have been made
in pulse production technologies.  Part of the reason for this has been that pulses have not fulfilled
their potential in some regions.  A more accurate assessment of the potential of the different pulse
crops in various geographic regions of WA will enable allocation of research investment to those areas
where pulses clearly have an advantage.  Outputs produced from this database can provide policy
makers, researchers and farmers with important information for strategic planning and investment.
The Department of Agriculture, has a large database of soil and landscape related information for the
agricultural areas of South Western Australia which can be used to identify where the highest
capability soils for pulse crops are located.  Information about each crop’s climatic requirements
(including disease risk) and existing Bureau of Meteorology climate information can then be combined
with the soil information to identify the most suitable areas for each crop.  It can also begin to predict
the likely seasonal variation in expected yields.
The land evaluation process accounts for soil and landscape requirements, without considering
climate.  This has been generated for field peas, chickpeas, faba beans and lentils to determine their
physical capability.  Fifteen land qualities were rated based on experimental data or agronomist’s
expert opinion.
The overall soil capability rating is determined by the most limiting factor for any land quality.  For
example field peas are very sensitive to waterlogging, therefore soils that have a high waterlogging
risk have a very low capability field pea production (class 5), regardless of the suitability or otherwise
of other soil factors (Table 42).  Conversely, a soil that has only a low waterlogging risk has potentially
a very high capability for field pea production if other factors are also suitable.  Water repellence, is
easier to manage and has a less significant impact on field pea growth.  Hence a soil with high water
repellence is still rated as having a fair capability (class 3) for field pea production.
The field pea capability map was overlayed with Bureau of Meteorology Monthly rainfall information
and the French and Schultz (AJAR, 35: 743-764) potential yield equation, using an intercept of 100
and slope of 10.  Figure 6 presents the land capability maps based purely on the soil and landscape
ratings while disregarding rainfall.  Dark areas indicate concentrations of land with high capability for
field pea production, which include the South Eastern wheatbelt where most field peas are currently
grown, and also in parts of the Great Southern, Central and Northern wheatbelt regions.  When the
soil and landscape ratings are combined with an ‘expected yield’ from an average season, then there
are fewer areas in the Central and Northern wheatbelt regions well suited to field peas compared with
the Great Southern and South East wheatbelt (Figure 7).  Rainfall percentiles were also taken into
account to determine the effects in a wet or a dry year.  Figure 8 depicts areas where field peas are
well suited in a wet year, highest 10% of rainfall years.
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Flood hazard Nil, Low Mod High
pH at 0-10 cm Slightly acid, Neutral,
Mod alkaline




pH at 50-80 cm Slightly acid, Neutral,
Mod alkaline




Surface salinity Nil Slight Mod High, Extreme
Salt spray exposure Nil Slight








Nil, Very Few Few Common Many Abundant
Trafficability Good Fair Poor, Very
Poor











Nil, Low Mod High
Soil water storage High, Mod, Mod Low L VL
Wind erosion risk Low Mod High Very High Extreme
Soil workability Good, Fair Poor Very Poor
Figure 6. Dark areas show high capability for field peas, not considering climate.
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Figure 7. Dark areas show high expected yields in a year with ‘High’ rainfall.
Figure 8. Dark areas show high expected yields in a year with ‘Average’ rainfall.
This analysis provides a more comprehensive assessment of land capability for pulses than previously
compiled maps.  The next step in the process is to validate maps against existing yield records and
then add further layers of data that affect land suitability.  These layers include disease incidence and
local production cost variations.
A simple phosphorus fertilisation decision-support system for pulses
B. Bowden1, S. Loss2 and  Z. Rengel3
1Department of Agriculture, Western Australia
2CSBP
3University of Western Australia
The two main providers of phosphorus (P) fertiliser advice in WA (the CSBP and Summit fertiliser
companies and their agents) use the same algorithms for pulses as they use for lupins with
appropriate yield and price adjustments.  A potential problem with such a simple system is the
difference in the growth (and nutrient demand) dynamics of the different crops.  Also lupins are largely
grown on coarse textured acidic soils with completely different water and nutrient relationships to
those on the heavier soils on which pulses are grown.  Recently a GRDC project to develop fertiliser
decision support systems (DSSs) for pulses was completed.  This article reports the rationale behind,
and data supporting a simple spreadsheet for determining the P requirements of pulses.
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The existing WA literature on fertilising pulses (field peas, faba beans and chickpeas) was
summarised and general statements made about timing, placement, row spacing, and placement of
each.  For field peas and faba beans, a balance sheet approach was used calculated on 4 kg P/t of
grain.  Adjustments suggested for soil fertility were made only for field peas, 20 kg P/ha for soil test
(Colwell) P < 12 mg/kg and 4 to 9 kg P/ha (depending on removal) at soil test levels above 12 mg/kg.
Chickpeas were considered non-responsive to fertiliser P and crops would get by on soil reserves from
other phases of the rotation.
The challenge for the GRDC project was to produce a better decision support system for the use of
phosphatic fertilisers on pulses.  Such a system should take account of yield potential, soil P status,
residual value of the fertiliser P and the crop N inputs, as well as questions of source, placement and
timing of the fertiliser.  Existing systems for fertiliser P recommendations for wheat and lupins in WA
are based on hundreds of trial years of information.  The field method used was to compare pulses
alongside these crops with well know P responses.  Unfortunately this planned field program was
bedevilled by problems including three very dry years.
In these circumstances, the strategy chosen for developing the P recommendation system was to
compare and contrast the growth/uptake dynamics and yield response characteristics of pulses, with
those of wheat and lupins.  To this end, the limited data from the current project was combined with
previously obtained relevant data.
The existing P recommendation systems in WA use the ‘response curve prediction’ method developed
in the early ‘70s in the Decide project.  This method reconstructs a crop yield response curve to P
fertiliser for any stated paddock situation.  In its simplest form, the method requires the prediction of
the parameters A, B and C in the following (Mitscherlich) equation:
Grain Yield = A*(1-B*exp(-CP)) 1
Where P is the kg/ha of fertiliser P applied.  ‘A’ is the P non-limiting yield maximum (same units as
grain yield  -  kg/ha, t/ha) and depends not only on crop species but management and environmental
conditions.  ‘B’ is the level of response and depends primarily on soil P status and will also vary with
crop species.  It also depends on soil type (P retention index and P profiles) and to a lesser extent on
management (cultivation, time of sowing, row spacing, density, etc.).  ‘C’ has reciprocal units to P
application.  It is a measure of the efficiency with which fertiliser P is used and depends on crop
species, soil type and management conditions, including timing, method and source of fertiliser P
application.
On sites showing low responses to P it is not possible to determine C, and so an initial screening of
results was carried out.  Equation 1 was fitted to all P response trials containing wheat and a pulse
crop.  Where responses were greater than 20% (B > 0.2), the following absolute and relative values
(RE; the ratio of the pulse parameter to the wheat parameter) were obtained (Table 43).
Table 43. Average value of parameters and ratio with wheat values (RE)
Species Number A B C RE A RE B RE C
Wheat 16 2048 0.35 0.086
Faba bean 14 1592 0.47 0.057 0.78 1.35 0.66
Field pea 15 1380 0.48 0.132 0.67 1.39 1.54
Chickpea 4 1661 0.39 0.064 0.81 1.13 0.75
For these trials, the yield when phosphorus is non-limiting (A) was less for pulses than for wheat.  In a
final decision-support system for P on pulses, the choice of A is left to the grower because it depends
on many factors, including sowing date, seeding rate, variety, etc.  Table 43 shows that, on average,
both faba bean and chickpea use fertiliser P (parameter C) less efficiently than wheat (RE C < 1), but
field pea uses it more efficiently (RE C > 1).
A similar analysis of the variation in the ability of the various crops to respond to fertiliser P as shown
in Figure 9, and to use soil P (yield with nil P as a fraction of the yield maximum on the trial  -  equal to
(1-B)) is shown in Figure 9.  It is interesting that there is little evidence that any of the three pulse
species are consistently more or less responsive than wheat under the same circumstances.  The
median values suggest that field peas and faba beans respond 10% more than wheat, and that
chickpeas are very similar to wheat in most circumstances.
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Figure 9a. P fertiliser efficiency of pulses  -  7 trials. b.  P responsiveness for pulses  -  direct measures
for 13 trials.
The simplest recommendation system for crops in WA is a set of tables combining the response data
of the sort presented above with fertiliser costs and product prices.  It estimates predicted economic
optimum P fertiliser rates, taking account of fertiliser source and placement.  Using the existing tables
for wheat as templates could generate such tables for pulse species.
Figure 9 and to a lesser extent Table 44 suggest that the effectiveness of P fertiliser should be
(i) halved for faba bean; and  (ii) increased by a factor of about 1.2 for field peas in comparison with
wheat.  There is insufficient data to determine the effectiveness of fertiliser P for chickpeas, though
this crop could be treated the same as faba bean (Table 44).
This P recommendation method can be summarised in the following equations:
Y=A*(1-B*exp(-Cfert*Pfert)) 2.
B=1-Cst*Pst 3.
Popt =ln[A*B* Cfert *Py/(Px*(1+R-V))]/ Cfert 4.
Where A, B and C have the same definitions as for equation 1 (see above).  The subscripts for C refer
to response curvature for fertiliser P (fert) and soil test P (st).  Px and Py are the farm gate prices of
fertiliser P and grain, respectively, in $/kg.  R is the rate of return on the marginal fertiliser P dollar and
V is the fractional residual value effect of the fertiliser P input.  Popt is the profit-maximising level of P
(kg P/ha).
A simple spreadsheet model can be used to generate P fertiliser recommendations and others can be
written to give the far more important, yield and dollar sensitivity analyses.  An example of input and
output for the simplest model is listed in Table 44.  Please note that values of A, Py, Px and R can be
set by a user to reflect a particular set of circumstances.
The model described here gives the basic formalism for supporting phosphate decisions on pulse
crops.  It can, and should, be made more comprehensive to take account of placement, tillage, new
fertiliser sources and nitrogen carry over as well as providing a sensitivity analysis to rate of P and
yield potential.  The spreadsheet model is available on request, from Bill Bowden at
bbowden@agric.wa.gov.au.
Fig.2 - P responsiveness for pulses 
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Table 44. Optimum P fertilisation rates for different soil P levels.  The parameters used are described in
the lower part of the table.  [Yield potentials (parameter A) are arbitrary, (Px and Py) are
current, while C coefficients were determined in this project]
Wheat Field pea Chickpea Faba beanSoil P
(Colwell) Opt kg P/ha Opt kg P/ha Opt kg P/ha Opt kg P/ha
10 (mg/kg) 20 20 30 28
15 (mg/kg) 16 17 20 22
20 (mg/kg) 12 14 10 15
25 (mg/kg) 8 11 0 8
30 (mg/kg) 0 8 0 0
Parameters
A (kg/ha) 2000 1500 1000 1000
Cfert 0.12 0.14 0.06 0.06
Cst 0.10 0.08 0.12 0.08
Py ($/kg) 0.18 0.22 0.45 0.27
Px ($/kg) 2.2 2.2 2.2 2.2
R 0.1 0.1 0.1 0.1
V 0.5 0.5 0.5 0.5
Improve pulse yields with correct timing of desiccation
G. Riethmuller and B. French, Department of Agriculture, Western Australia
Lentil and field pea desiccation was shown to increase yields and improve seed quality in 2001 and
2002 at Merredin.  An experiment in 2001 examining seed moisture at harvest demonstrated that lentil
and field pea seed quality was reduced if the seed dried down too much in the field.  Clearly,
harvesting earlier gives better seed quality and desiccation allows earlier harvesting.
This research investigated the effect of desiccation timing on the yield and seed quality of lentil and
field pea.  Treatments included two varieties of lentil (Digger and Cassab), three of field pea (Helena,
Kaspa and Parafield) and five times of desiccation.  A randomised block design with buffers between
every second plot was used.  This avoided harvested material moved by wind affecting nearby
unharvested field pea plots.  Plots were sown to achieve 120 and 50 plants/m2 for the lentil and field
peas respectively.
Lentil growth was good as was the season, but the crop ripened rapidly making the planned
desiccation timings about a week too late.  The crop had started to yellow by 14 October 2003 at
which time visual ratings of senescence commenced.  The lentil pod development stage was not as
easy to assess as field pea because the pods did not change colour uniformly.  Lentil pods tended to
yellow and then develop brown spots rather than completely change to a brown colour.  Also some
yellow pods were found to have either brown or yellow seeds inside.  A combined yellow and brown
pod rating scale was therefore used.  It appeared that desiccating at around 20 October 2003 was the
best time to maximise lentil yield.  This corresponded to 60-70% of the pods being either yellow or
browning (Table 45).
Lentil yields exceeded 1.6 t/ha for all treatments (Table 46).  Lentil yield results showed no significant
difference (P < 0.05) between variety, Cassab or Digger, or any interaction between desiccation and
variety.  However desiccation did significantly increase yield.  Part of the yield advantage from
desiccating is due to higher seed moisture from being harvested three days earlier than the
undesiccated treatment.
As with the lentils the field peas matured rapidly and as a consequence, not all of the planned five
times of desiccation were applied.  In order to utilise the sown plots, extra plots were desiccated on the
22 October 2003.  The field pea varieties matured at differing rates however, Kaspa matured rapidly
after flowering with seed development catching up to Helena and Parafield by 20 October 2003
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(Table 47).  Yields of field pea were also high at around 2.3 t/ha (Table 48).  In contrast to the lentils
variety was the only factor that significantly affected field pea grain yield, rather than desiccation.
Kaspa and Helena averaged 6 per cent and 4 per cent higher yielding than Parafield respectively.
Kaspa was later to flower and develop but was ready to desiccate at a similar time to Parafield.
Timing of desiccation was not critical this season but was better after the 20 October.
Kaspa had greater harvest losses than the other two varieties averaging 143 kg/ha compared to
85 kg/ha and 93 kg/ha for Helena and Parafield respectively.  This was most probably due to less
efficient harvest with the plot header of the bulky Kaspa and highlights that harvest research and
extension is required to maximise the benefits of this variety.
Table 45. Lentil development rating (per cent pods with yellow and brown colouring) by variety and
sample date
Date 16 October 20 October 22 October 24 October 31 October
Cassab 33 61 84 100 100
Digger 20 67 86 100 100
Table 46. Lentil yield (t/ha) by variety and date of desiccation
Desiccation 16 October 20 October 22 October 24 October Undesiccated
Harvest date 28 October 28 October 31 October 31 October 31 October
Cassab 1.94 2.21 1.64 1.62 1.73
Digger 1.80 1.78 1.61 1.67 1.65
LSD 5% 0.24
cv% 13.7
Table 47. Field pea development rating (per cent brown pods) with variety and date of sampling
Date 16 October 20 October 22 October 24 October 28 October
Helena 53 81 87 97 100
Kaspa   9 59 73 94 100
Parafield 23 45 75 97 100
Table 48. Field pea yield (t/ha) with variety and date of desiccation
Desiccation 16 October 20 October 22 October 22 October 24 October Undesiccated
Harvest date 28 October 28 October 28 October 28 October 28 October 28 October
Helena 2.29 2.30 - 2.31 2.47 2.24
Kaspa 2.10 - 2.38 2.39 2.53 2.50
Parafield 2.16 - 2.23 2.25 2.16 2.38
LSD 5% 0.112
cv% 7.6
Agribusiness Crop Updates 2004
Crop Updates is a partnership between the Department of Agriculture, Western Australia and




Chocolate spot of faba bean
J. Galloway, B. MacLeod, A. Diggle, A. Harrod and L. Sherriff, Department of Agriculture, Western
Australia
Chocolate spot of faba bean is caused by Botrytis fabae.  It occurs throughout the WA agricultural
area and is most severe in areas that experience warm, moist spring conditions.  Major crop losses
occurred as a result of this disease in 1997 and 1998 resulting in a decline in the area planted to faba
beans in subsequent years.  In 1999, severe disease was recorded on early sown crops and from
2000 to 2002, the disease has been hard to find.  In 2003 disease was again apparent in some areas
but remained at low levels in fungicide treated crops.
Trying to understand chocolate spot of faba bean
The sporadic nature of this disease makes it difficult to work with under natural conditions.  In 2002, a
chocolate spot nursery was established at the Centre for Cropping Systems in Northam using faba
bean stubble from Dongara and Manjimup that had been infected in 2001.  Botrytis fabae was found
sporulating on the previous season’s stubble early in the growing season (8 May 2002).  Only a very
small amount of the stubble produced spores, but there were sufficient levels to infect newly emerged
faba bean plants.  Small or weak plants were killed and the fungus sporulated profusely on the dead
plant matter.  Foci of infection developed around these infected plants and chocolate spot became
apparent from June 2002 onwards.
The chocolate spot infected faba bean stubble from 2002 was retained in the centre of the disease
nursery at sowing in mid-April 2003.  A later sown (June) crop was sown to the north and south of the
April sown crop.  Infection opportunities and disease progress was monitored on the field crop and on
trap plants placed within the disease nursery on a weekly basis throughout the growing season.
The weather conditions experienced in the Northam district in 2003 were conducive to the
development of severe chocolate spot in the disease nursery (high inoculum levels).  Chocolate spot
occurred naturally in farmers’ crops at York and Meckering but a low inoculum level (the disease has
not been detected for several seasons) and timely fungicide application ensured that the disease
remained at low levels.  The weather conditions (temperature and relative humidity) at Northam that
were within the ranges described in the literature as being suitable for Botrytis fabae were investigated
using an experimental botrytis model (‘Botrytis tabulator’) developed for this purpose.  The model
indicated that in the disease development period of 24 July-10 October 2003, 49% of the hourly
weather conditions would favour chocolate spot lesion expansion.  Six per cent of the hourly weather
conditions would have favoured rapid lesion expansion associated with the ‘aggressive phase’ of this
disease.  Similar weather conditions to these occurred in the Northam district in 1997, 1998 and 1999.
In these years, the presence of the disease in the previous season ensured that inoculum levels would
have been high and there were major losses in faba bean crops associated with chocolate spot.
In 2003 natural conditions were suitable for sporulation (on the previous season’s stubble and within
the infected crop), spore release and deposition of B. fabae, occurred throughout the growing season.
Primary infection from the stubble occurred between May and June when low levels of colonisation
were recorded on the trap plants.  From late June onwards the level of sporulation and spore dispersal
increased.  This was associated with chocolate spot becoming apparent in the vegetative crop and
sporulation occurring on the lower (dead) leaves of the faba bean plants.
Chocolate spot symptoms were first observed on the faba bean plants growing in the centre of the
disease nursery (in the area where the stubble had been retained).  Disease spread progressively
from this focus of infection to adjacent faba bean plants (Figure 10).  Chocolate spot was apparent in
the early sown crop from late June onwards.  In the late sown crop, disease was recorded from
mid-August, prior to the onset of flowering in early September.  By 10 October, the chocolate spot
levels in both the early and late sown crops were similar (Figure 10).  This suggests that where
inoculum levels are high, delayed sowing of faba beans is not necessarily an effective means of
disease control on its own and needs to be used in conjunction with paddock separation.  It is
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recommended that the current season’s faba bean crops should be separated from the previous
season’s faba bean paddocks by at least 500 m.  These recommendations will also help reduce the
spread of ascochyta blight.
Figure 10. Progressive spread of chocolate spot from the centre of the disease nursery (Stubble) to faba
bean plants 16 meters east (E), west (W), north east (NE) and north west (NW) of the stubble
area.  TOS1 = April sown plants, TOS2 = June sown plants.
Management of ascochyta blight in improved chickpeas
B. MacLeod, A. Harrod, L. Sherriff, L. Young, M. Harries, M. Blyth and T. Khan
Department of Agriculture, Western Australia
The conditions which favoured crop growth and resulted in a bumper wheat harvest also favoured
many crop diseases including ascochyta blight in chickpeas.  A high disease challenge was produced
in trials near Mingenew from the standard inoculation of two pieces of infected stubble per plot (20 m
long and 1.4 m wide).  Severe disease resulted in a similar trial near Mukinbudin, but in this case there
was infected material surrounding the trial in addition to the standard inoculation.
Since the outbreak of ascochyta blight in chickpea in WA, field experiments have been conducted to
produce a fungicide management package for the susceptible chickpea varieties that were grown at
the time. This package has been shown to work well but is expensive, because it relies on the use of
the fungicide chlorothalonil applied four weeks after emergence then repeated at three week intervals
depending on rainfall zone and rainfall patterns.
The two trials reported here compared the disease control achieved in Sona and Howzat with that in
improved chickpea lines with reduced fungicide management programs aimed at developing a
cheaper chickpea production package. Both of these trials produced a high disease challenge for the
improved chickpea lines, and the multiplication of disease within the trial on susceptible varieties
maintained the disease pressure throughout the growing season.
Trials were established at two sites, Mukinbudin (L3) and Mingenew (halfway between Dongara and
Mingenew; H1).  The trial at Mukinbudin was sown on 21 May and the trial at Mingenew was sown on
23 May.  All seed was treated with P-Pickel-T.  The disease inoculated rate of two infected pieces of
stubble per plots is equivalent to a seed transmission rate of about 0.15%.
Each variety received a full fungicide spray program of chlorothalonil, as a potential yield control, plus
various reduced fungicide (chlorothalonil) spray programs (Table 49).  All plots received the first
fungicide spray, at four weeks after emergence, subsequent sprays were omitted from remaining
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The yields for the Mingenew trial are not shown as the trial was affected by a late severe infestation of
heliothis, resulting in the yields not reflecting the disease effect.
Both of the new chickpea lines, WACPE 2075 and WACPE 2095, yielded significantly more than
Howzat and Sona at Mukinbudin when compared between treatments receiving the same number of
sprays (Table 50).  Even when six fungicide sprays were applied, both Howzat and Sona appear to
have suffered significant yield loss.  Similarly, WACPE 2075 and WACPE 2095 suffered greater yield
loss in all treatments in this trial than they would have if the Sona and Howzat treatments had not been
included.  As the season progressed, spores spread from the severely disease infected plots into
adjacent plots in which disease was developing at a lower rate, thus amplifying the rate of disease
development measured in these plots.
The improved resistance of both WACPE lines compared with Sona is illustrated by both the lower
disease score in any treatment and also the lower yield loss when the treatments with reduced
fungicide programs are compared with the treatments that received a full fungicide program.  Both of
these trials were exposed to disease levels far greater than we would expect to see in a grower’s crop
so treatments which appear to have achieved unsatisfactory control in this trial will achieve a far better
result in a paddock situation.
Last year we reported the results of a trial which demonstrated the need to apply the first fungicide
spray no later than four weeks after emergence.  The two fungicide management trials reported here
are consistent with previous results, which confirms the greater value of early sprays compared with
late sprays (Figure 11).
It is most likely that the fungicide management package for the new chickpea lines, WACPE2075 and
WACPE2095 will include two fungicide sprays, approximately four weeks and seven weeks after
emergence.  The requirement for subsequent sprays will be determined by whether or not disease
develops in the crop.  If ascochyta blight is observed then a fungicide spray during flowering or early
podding is strongly recommended.
The cheapest fungicide management program is most likely to be achieved by observing other
aspects of the chickpea establishment package. This includes selecting a paddock that is remote from
where chickpeas were grown last year and which has not grown chickpeas for at least three years,
then sowing during the recommended time (i.e. avoiding early sowing).
Table 49. Fungicide (chlorothalonil) program for chickpea ascochyta blight management trials at
Mingenew and Merredin
Spray Mingenew Mukinbudin
Spray 1 2 July, 1 L/ha Bravo 1 July, 1.0 L/ha Bravo
Spray 2 24 July, 1.5 L/ha Bravo 16 July, 1.0 L/ha Bravo
Spray 3 16 August, 2.0 L/ha Bravo 1 August, 1.0 L/ha Bravo
Spray 4 8 September, 2.0 L/ha Bravo 26 August, 1.0 L/ha Bravo
Spray 5 16 September, 1.0 L/ha Bravo
Spray 6 7 October, 1.0 L/ha Bravo
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Table 50. Final disease score and yield of five chickpea varieties in response to four fungicide














WACPE 2075 4 Sprays (All spray) 4.0 6 Sprays (All spray) 3.5 0.88
WACPE 2075 2 sprays (Spray 1&3) 3.7 5 sprays (Sp 1,3,4,5,6) 3.0 0.74
WACPE 2075 2 sprays (Spray 1&4) 6.5 3 sprays (Spray 1,3,5) 3.5 0.57
WACPE 2075 1 sprays ( Spray 1) 7.4 3 sprays (Spray 1,4,6) 3.9 0.37
WACPE 2095 4 Sprays (All spray) 3.2 6 Sprays (All spray) 2.8 0.83
WACPE 2095 2 sprays (Spray 1&3) 5.0 5 sprays (Sp 1,3,4,5,6) 2.8 0.69
WACPE 2095 2 sprays (Spray 1&4) 5.2 3 sprays (Spray 1,3,5) 3.1 0.58
WACPE 2095 1 sprays ( Spray 1) 6.3 3 sprays (Spray 1,4,6) 4.0 0.45
WACPE 2098 4 Sprays (All spray) 4.6 Not included in this trial
WACPE 2098 2 sprays (Spray 1&3) 6.3
WACPE 2098 2 sprays (Spray 1&4) 7.7
WACPE 2098 1 sprays ( Spray 1) 7.6
Howzat 4 Sprays (All spray) 6.0 6 Sprays (All spray) 4.0 0.54
Howzat 2 sprays (Spray 1&3) 7.3 5 sprays (Sp 1,3,4,5,6) 4.0 0.42
Howzat 2 sprays (Spray 1&4) 7.9 3 sprays (Spray 1,3,5) 5.1 0.19
Howzat 1 sprays ( Spray 1) 8.0 3 sprays (Spray 1,4,6) 7.5 0.07
Sona 4 Sprays (All spray) 7.3 6 Sprays (All spray) 4.8 0.29
Sona 2 sprays (Spray 1&3) 8.9 5 sprays (Sp 1,3,4,5,6) 5.5 0.21
Sona 2 sprays (Spray 1&4) 9.0 3 sprays (Spray 1,3,5) 6.0 0.10
Sona 1 sprays ( Spray 1) 9.0 3 sprays (Spray 1,4,6) 7.5 0.08
LSD 5% 0.9 1.3 0.13
* Details of foliar fungicide applications.






1 0 2 0 3 0 4 0 5 0 6 0 7 0










S o n a /H o w za t +S p 3 S o n a /H o w za t N il
L in e a r (S o n a /H o w za t +S p 3 ) L in e a r (S o n a /H o w za t N il )






10 20 30 40 50 60 70











S on a/H o w z at  + S p 5 S on a/H o w z at  N il
L ine ar (S o na /H ow z a t  + S p5) L ine ar (S o na /H ow z a t  N i l)
Figure 11. The impact of an early fungicide spray (Spray 3, 1 August) and a later fungicide spray (spray
5, 16 September) on the development of Ascochyta blight in susceptible varieties
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Botrytis grey mould of chickpea
B. MacLeod and J. Galloway, Department of Agriculture, Western Australia
Botrytis Grey Mould (BGM) of chickpea is caused by Botrytis cinerea. It becomes apparent in spring
when the chickpea crop flowers and warm, humid conditions prevail.  Chickpeas with vigorous
seedling growth, early (mid-winter) canopy closure and early (late winter) flowering are most likely to
develop BGM.  This disease has caused serious crop losses in the northern cropping areas of WA in
past years. Serious epidemics occurred in desi and kabuli chickpea crops during 1997 and 1998.
During 1999, BGM came into the chickpea crop late in the growing season and caused significant
damage in some crops, this was also the first season that ascochyta blight (Ascochyta rabiei) was
evident in WA crops.  From 2000 to 2003, the disease has been observed infrequently, probably due
to a combination of the drier seasons in 2000-2002 and extensive fungicide spraying for ascochyta
blight control on chickpeas.
With the expected release of ascochyta blight resistant varieties of chickpea, and the associated
reduction in fungicide sprays it is of concern that BGM may become a problem again in the northern
agricultural region during favourable seasons.  Research to understand the survival and spread of this
disease and to identify varieties that are more resistant to BGM is in progress.  This should lead to the
development of improved management packages for BGM that will compliment the improved
ascochyta blight management packages.
Since the occurrence of ascochyta blight in WA, it has become impossible to do BGM field trials
without the complication of fungicides for ascochyta management, or indeed an ascochyta outbreak in
the trial.  This problem has been overcome through a collaborative project with Bangladesh funded by
ACIAR.  Bangladesh is an ideal partner in this project as they have annual and severe infections of
BGM in chickpea crops, but do not have ascochyta blight.  Chickpeas are also grown in the winter in
Bangladesh being sown in early December and harvested in March.
In 2002, nearly 500 chickpea lines were assembled for field screening in BGM disease field-nurseries
at Jessore and Ishurdi in Bangladesh.  The majority of this material, 422 lines in total, was contributed
by the chickpea breeding programs in WA, Victoria and New South Wales.  Both BGM nurseries
developed disease as a result of natural infection, no supplementary inoculum was applied.  At Ishurdi,
disease development was accelerated by increasing the humidity through the use of the misting
system.  Consequently, the final disease development was severe and no seed was harvested.  Only
moderate disease developed at Jessore and yields in excess of 100 g/plot (single row 2 m long) was
achieved from 77 of the lines (Table 51).  The results for these BGM screening activities, and similar
activities being carried out in Bangladesh in 2003-04 and in Australia in 2004, will be used in breeding
programs to develop varieties with better resistance to BGM.
Table 51. Disease reaction classes with the number of lines that were scored in each class in each of
the two Botrytis Grey Mould nurseries, plus the number in each class at Jessore that
produced yields in excess of 100 g/plot
Disease severity score Ishurdi Jessore
Score Class Number in class Number in class Yield > 100 g/plot
1 No symptoms 0 79 27
2-3 Highly resistant 0 212 26
4-5 Resistant 28 114 15
6-7 Susceptible 32 58 9
8-9 Highly susceptible 411 0 0
Another aspect of the ACIAR project in Bangladesh is to understand the diversity and pathogenicity of
B. cinerea.  This part of the project will be undertaken by Dr Paul Taylor at Melbourne University using
molecular methods.  Isolates collected in Bangladesh will be compared with isolates from various
Australian locations.  The study of genetic diversity by DNA fingerprinting and similarity analysis is
expected to identify the level of genetic variation within and between the populations of B. cinerea and
hence improve both field and glasshouse screening of breeding material.
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Survival of botrytis grey mould on chickpea stubble
J. Galloway, B. MacLeod, L. Sherriff and A. Harrod, Department of Agriculture, Western Australia
To gain a better understanding of BGM under WA conditions, experiments have been conducted at
the Centre for Cropping Systems in Northam in 2000 and 2003 to determine how the fungus survives
from one season to the next.
In 2000, there was no evidence of sporulation on the previous season’s stubble until September.  This
coincided with daytime temperatures that rose above 20°C and rain events.  Sporulation under field
conditions was recorded in April and July 2003, on chickpea stubble weathered in the open at
Northam.  During these times daytime temperatures > 20°C were recorded in the fortnight prior to
assessment, but most significantly the sporulation appears to be associated with prolonged periods of
high relative humidity (Figure 12).
BGM remains viable in the previous season’s chickpea stubble over the hot, dry conditions of summer
and through the following growing season.  Under warm, moist conditions sporulation can occur which
could result in the current season’s chickpea crop becoming infected with BGM.  It is therefore
recommended that a paddock separation of > 500 m on the downwind side is maintained between the
current season’s chickpea crop and the previous season’s chickpea stubble.  These recommendations
are consistent with our current recommendations for the management of ascochyta blight.
Figure 12. Effect of moisture and temperature on sporulation of Botrytis cinerea on chickpea stubble
weathered at Northam in 2003.  The cumulative hours of temperature and relative humidity
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How long can blackspot survive on field pea stubble?
J. Galloway, B. MacLeod, A. Harrod and L. Sherriff, Department of Agriculture, Western Australia
Field pea stubble naturally infected with blackspot (Mycosphaerella pinodes) was collected in 1999.
The stubble was placed under wire mesh in a paddock at the Centre for Cropping Systems in Northam
and has been allowed to weather naturally since then.  During each of the subsequent growing
seasons, the stubble was sampled regularly and the spore production capacity determined using
purpose built wind tunnels.
Large numbers of M. pinodes ascospores are produced from field pea stubble in the first season
following harvest (Figure 13).  In subsequent seasons ascospore numbers drop by 96-99.8% when
compared with spore production from the first season’s stubble.  Even with this substantial decline in
spore production, the actual numbers of spores produced in these subsequent years can be significant
(an estimated 45-520 ascospores/g of stubble) and would contribute to the overall spore load in the
area.
When selecting paddocks for planting peas it is recommended that the current season’s crop is
separated from the previous season’s pea paddock by at least 500 m, with the distance being
increased for paddocks downwind of the previous season’s paddock.  For the subsequent year’s
stubbles it should generally be safe to plant adjacent to these stubbles on the up-wind side, but do not
plant into these stubbles.  A separation of 50 metres should be observed on the downwind side of
these stubbles.
The proper interpretation of spore production from third and fourth year stubbles (30 and 40 month
old) will need to be interpreted in conjunction with measurements of the amount of stubble remaining
on the soil surface following a range of paddock management scenarios which may incorporate the
stubble to varying degrees.
Figure 13. Mycosphaerella pinodes ascospore production from field pea stubble harvested in 1999,
weathered in the open over a period of 45 months.  Months 7-10 sampled in 2000; months
19-22 sampled in 2001; months 31-33 sampled in 2002; months 42-45 sampled in 2003.  For
better clarity, the vertical axis has been limited to 3000 ascospores/g of stubble.  Peak spore
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Cool temperatures effect ascospore maturation of blackspot and ascochyta
J. Galloway, B. MacLeod, L. Sherriff and A. Harrod, Department of Agriculture, Western Australia
Previous research conducted by the Department of Agriculture, Western Australia established that
blackspot of field pea (Mycosphaerella pinodes) is producing windborne ascospores through out the
season.  Ascochyta blight of chickpea produces a combination of rain-splash dispersed conidia
(Ascochyta rabiei) and windborne ascospores (Didymella rabiei).  These ascospores tend to be
released during winter after a suitable amount of chilling has occurred.  This chilling requirement has
regional implications.  It suggests that in areas such as the great southern and south east with cooler
winters, ascospore production (and hence long distance spread) may occur sooner in the season.
During 2003, the effect of geographical region on spore maturation and release from field pea and
chickpea was investigated at four sites in the wheatbelt (Northam, Scaddan, Pingrup and Geraldton).
Naturally infected stubble was collected after harvest in 2002 and samples of stubble with visible stem
lesions were placed in nylon mesh pockets on the soil surface at the four locations and left to weather.
At fortnightly intervals from April 2003 samples of stubble from each location were sent to Northam
and assessed for spore release potential and for fruiting body maturity.
Blackspot of field pea
On field pea, M. pinodes fruiting bodies matured earlier at the cooler southern agricultural region sites
(Scaddan and Pingrup) compared with the warmer central and northern agricultural region sites
(Northam and Geraldton).  In 2003, in the southern agricultural region the majority of the ascospores
had been released off the stubble by late June.  Ascospore release was still occurring in Geraldton
and Northam four to six weeks later (late July and early August, respectively) (Figure 14).  This late
maturation in the northern agricultural region makes the planting window very narrow for field pea.
Sowing date has to be a compromise between delaying sowing long enough to avoid the worst of the
blackspot and sowing early enough not to run out of moisture at the end of the growing season.
Figure 14. Maturation of M. pinodes fruiting bodies on field pea stubble.  a.  Maturation in the southern
agricultural area (Scaddan and Pingrup) and  b.  maturation in the central and northern
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Ascochyta blight of chickpea
Very low numbers of ascospores are produced on the previous season’s chickpea stubble at the start
of the growing season.  The majority of the fruiting bodies at this time of year are the asexual pycnidia
which produce large amounts of rain splash dispersed conidia.  After exposure to winter temperatures
the sexual fruiting bodies mature and the numbers of windborne ascospores released increases.  The
onset of the peak ascospore release period is earlier and more ascospores are produced in the cooler
southern agricultural region (Pingrup) (Figure 15).  The bulk of the chickpea crops are currently grown
in the warmer northern agricultural region (Geraldton) where the ascospore load is lower and will be
produced later in the growing season.
Figure 15. Cumulative ascospore (Didymella rabiei) release off ascochyta blight infected chickpea
stubble weathered in the southern agricultural area (Pingrup) and in the northern agricultural
area (Geraldton) in 2003.
A decision support tool is being developed which should be able to predict when the ascospores
showers are most likely to be released in the different growing areas.  The current ascochyta blight
management package involves applying early fungicide sprays at approximately four weeks and seven
weeks after emergence with subsequent sprays applied during flowering or early podding if disease
develops in the crop.  It is envisaged that this model will help growers decide on the most appropriate
time to apply subsequent sprays for ascochyta blight.
Tactical decision making for blackspot management in field pea
J. Galloway, M. Salam, A. Diggle, B. MacLeod and M. Seymour, Department of Agriculture, Western
Australia
‘Blackspot Manager’ is a decision support tool to help select low risk paddocks and optimise time of
sowing based on local weather and proximity to previous seasons’ field pea stubbles.
Blackspot management requires separating field pea crops from the previous season’s field pea
stubble and delayed sowing.  A computer simulation model has been developed that uses proximity to
the previous seasons’ field pea stubbles, rainfall and wind direction to estimate the probability of a
blackspot infection occurring.  Running the model with local field pea growing history and weather data
allows the probable risk of infection to be assessed on a farm or catchment basis.  It is envisaged that
this will assist with selecting low risk paddocks within a field pea rotation.  The model can also be used
to visualise how the blackspot infection probability changes with different sowing times.  This will allow
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The ‘Blackspot manager’ model was validated at Scaddan (near Esperance) with growers from the
Pulse Association of the South East (PASE) group during 2002 and 2003.  In 2003, the model was
also validated in the Lake King and Northam districts at sites where high levels of blackspot were
observed during the growing season.
Validation results at Scaddan in 2002 were encouraging.  In low risk areas, the predicted disease
severity was well correlated with actual disease measurements taken along 200 m transects in the
growers paddocks in September (Table 52).  In moderate risk areas, the actual disease measured was
higher than predicted.  This suggested to us that secondary spread of blackspot was occurring within
the crop and that the model needs to consider this.
In October 2003, disease assessments on 200 m transects in growers paddocks in the Scaddan
validation area, showed a higher than expected level of blackspot (Table 53).  From the infection
patterns on the plants it was apparent that an ascospore shower had been released sometime after
flowering which resulted in fairly high infection levels even in areas that the model predicted as being a
low risk.  As very few spores were being release from the previous seasons stubble by this time, we
suggest that these ascospores were generated on dead plant material within the current seasons
crop.  A feature of most of the paddocks sampled was the occurrence of water logged areas with
ample dead tissue on which the blackspot could sporulate within the growing season.  These
waterlogged areas would have created hot spots within the crop and were probably the source of the
extensive secondary spread experienced in the Scaddan model testing area in 2003.
Table 52. Predicted disease and actual disease measured in 200 m long transects in four paddocks on








Approximate distance upwind (NW)
to previous seasons’ stubbles
1 low (1-5%) 4.6 1000 m - 2nd year
2 low (1-5%) 5.0 1000 m - 2nd year
3 low (1-5%) 4.8 1000 m - 2nd year
4 low (1-5%) 4.6 3000 m - 1st year
1500 m - 2nd year
5 low (1-5%) 4.2 500 m - 3rd year
6 low (1-5%) 9.0 500 m - 3rd year
7 moderate (5-15%) 40.0 300 m - 1st year
8 low (1-5%) 4.7 2000 m - 1st year
1000 m - 1st year
Table 53. Predicted disease and actual disease measured in 200 m long transects in four paddocks on
two farms at Scaddan, near Esperance in October 2003.  The emergence date of the field peas
was 20 June, this was a delayed sowing option to minimise disease risk when planting in






(% Leaf area infected)
(9 October)
Approximate distance upwind (NW)
to previous seasons’ stubbles
1 low (1-5%) 15 1000 m - 1st year
2 moderate (5-15%) > 20 100 m - 1st year
3 moderate (5-15%) > 20 100 m - 3rd year
500 m - 2nd year
4 low (1-5%) > 20 1000 m - 3rd year
1500 m - 2nd year
5 moderate (5-15%) > 20 100 m - 1st year
6 low (1-5%) > 20 1000 m - 1st year
7 low (1-5%) > 20 1500 m - 3rd year
2000 m - 1st year
8 low (1-5%) > 20 2500 m - 3rd year
3000 m - 1st year
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Viruses
Cultural control of cucumber mosaic virus in chickpea
R. Jones and R. Prince, Department of Agriculture, Western Australia
Cucumber mosaic virus (CMV) causes a severe seed-borne and aphid-borne disease of chickpea,
which reduces yield substantially.  It is easy to confuse symptoms caused by CMV with those of
nutrient deficiencies, herbicide damage or waterlogging, and as a result the economic impact of this
virus is under estimated.  In surveys of commercial seed stocks of chickpea in WA some seed lots that
were to be sown into growers paddocks were infected with CMV.  Seed-infected plants act as within-
crop sources of CMV for spread to healthy chickpea plants by migrant aphids belonging to a range of
species.  Yield losses of up to 45% were recorded in large plots in a field experiment at Avondale in
1999 into which a small number of CMV-infected chickpea plants were introduced to simulate seed-
borne sources of infection.  Previous research with CMV in lupins found that CMV spread was
diminished as plant densities increased and as the amount of straw mulch (added to simulate retained
stubble) increased.  The effect of straw groundcover on virus spread came from decreased aphid
landing rates.  Two field experiments were therefore done to examine the effect of plant density and
added straw mulch on spread of CMV in chickpea.
In the 2003 growing season, two identical field experiments with CMV and chickpea (cv. Howzat) were
carried out at the Department of Agriculture Research Stations at Badgingarra and Avondale.  The
experiments had randomised block designs and examined the effects on CMV spread of two seeding
rates and two rates of added straw mulch.  The experiment at Avondale was on a site under pasture
the previous year.  The experiment at Badgingarra was after cereal so the site was raked and burnt to
remove stubble and leave bare earth before sowing.  To obtain an even CMV infection source, 12 foci
each of 50 cv. Wandoo lupin seeds from a seed stock with 30% seed-borne infection were sown in a
regular pattern into each plot within each experiment.  Shoot tip samples from 50 individual plants from
each plot were taken regularly throughout the growing period.  The samples were analysed for virus
incidence by testing them with ELISA using CMV-specific antiserum.  At the end of the growing period
whole plots were harvested and the weights recorded.  A 2 kg seed sample from each plot was
retained for further analysis.
At both sites, plant density was significantly greater at the higher seeding rate but there were no
significant effects from adding straw upon densities (Table 54 and 55).  However, a key difference
between the two sites was that canopy cover decreased with increasing amounts of added straw at
Badgingarra but not at Avondale.  This effect of straw groundcover on chickpea growth at Badgingarra
was as follows: full canopy development in plots at the high seeding rate without straw, well developed
canopy at the low seeding rate without straw and progressively poorer canopy development with 2 t/ha
and 4 t/ha straw, with the least even plots being the ones having the low seeding rate and 4 t/ha straw.
At the Avondale site, percentage infection was greater at the lower seeding rate but there were no
significant differences in rate of virus spread attributable to added straw (Figure 16, Table 54).  These
results fit those from previous studies with lupins and CMV for plant density but not for added straw.
At the Badgingarra site, percentage CMV infection was again greater at the lower than the higher
seeding rate (Figure 16, Table 55).  However, the results for added straw at this site were unexpected
as the amount of CMV spread was significantly greater with 2 t/ha straw than without any, and, when
2 t/ha and 4 t/ha of straw were compared, plots with 4 t/ha had significantly greater virus spread.
There were no significant effects of the trial treatments on yield at the Avondale site, but at
Badgingarra both seeding rate and stubble altered yields, which were significantly diminished at the
lower seeding rate and as a result of adding straw.
Increasing plant density diminished CMV spread in chickpea.  This result was expected from previous
studies with CMV in lupins and is presumably due to shading over of CMV infected source plants
denying aphids access to them and to the dilution effect on virus spread resulting from greater plant
numbers.  There was no evidence of any effect of groundcover in decreasing landing rates of aphids
in either experiment.  This contrasts with previous results with CMV in lupins.  It is suspect that this
difference is because virus transmission in chickpea is by incoming non-colonising aphids that are
unresponsive to groundcover, while in lupins, green peach and cowpea aphids readily colonise and
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both are deterred from landing by groundcover.  A plausible explanation for the significant increase in
CMV spread with the increasing amounts of straw at Badgingarra is that chickpea plant growth was
suppressed by added straw resulting in reduced canopy cover, in turn leading to greater accessibility
of CMV source plants to incoming aphids.
These results suggest that an increased seeding rate (leading to increased plant density and earlier
canopy cover) should be included as part of integrated disease management tactics for CMV in
chickpea.  However, in contrast to the situation with lupin, stubble retention should not be included in
such tactics.
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High 26.5 b 42.0 40.4 a 55.9 48.4 a 725 a 1557 a 1.09
Low 21.3 a 57.5 49.3 b 69.1 56.2 b 964 b 2030 b 0.97
LSD 4.41 5.76 4.88 219 329.4 0.02
Significance (25 df) P=0.023 P=0.004 P=0.003 P=0.033 P=0.007 NS
ADDED STRAW
0 tonnes / ha 25.7 52.6 46.5 63.1 52.6 701 1681 1.09
2 tonnes / ha 24.8 49.0 44.4 64.6 53.5 949 1903 0.97
4 tonnes / ha 21 47.6 43.6 60.1 50.8 883 1796 1.02
LSD 5.4 7.06 5.98 268.2 403.5 0.19
Significance (25 df) NS NS NS NS NS NS
INTERACTIONS
High seeding rate + 0 tonnes / ha 28.3 49.3 44.6 55.7 48.3 655 1546 1.11
High seeding rate + 2 tonnes / ha 30.0 38.6 38.4 57.8 49.5 809 1632 1.05
High seeding rate + 4 tonnes / ha 21.0 38.1 38.1 54.2 47.4 709 1494 1.11
Low seeding rate + 0 tonnes / ha 23.2 55.9 48.4 70.0 56.8 746 1816 1.08
Low seeding rate + 2 tonnes / ha 19.6 59.2 50.3 71.1 57.5 1089 2175 0.89
Low seeding rate + 4 tonnes / ha 21.0 57.1 49.1 65.6 54.1 1057 2099 0.94
LSD 7.64 9.98 8.45 379.4 570.6 0.27
Significance (25 df) NS NS NS NS NS NS
Values in BOLDare angular transformations of %  plants with CMV infection upon which statistical analyses are based.
AUPPC = Area Under Pathogen Progress Curve.  Sowing date was 13th June and date of sowing CMV infectedlupin seed sources was 2nd July.
Dates of assessments are 7th October (penultimate) and 24th October (final).
Values are penultimate  detransformed % of CMV determined by ELISA.
% Plants with CMV AUPPC
Penultimate assessment Final assessment Penultimate assessment Final assessment




High 43.2 b 58.7 50 a 63.4 52.8 1474 2416 a 1.42 a
Low 30.0 a 71.1 57.7 b 67.6 55.3 1759 2879 b 1.20 b
LSD 4.63 5.06 2.43 306.1 379.3 0.16
Significance (25 df) P<0.001 P=0.004 NS NS P=0.019 P=0.01
ADDED STRAW
0 tonnes / ha 36.8 51.2 45.7 a 64.6 53.5 1006 a 1811 a 1.62 a
2 tonnes / ha 35.6 71.4 57.7 b 62.3 52.1 1727 b 2839 b 1.22 b
4 tonnes / ha 37.5 72.4 58.3 b 69.7 56.6 2117 c 3294 c 1.09 b
LSD 5.67 6.20 2.97 374.9 464.5 0.19
Significance (25 df) NS P<0.001 NS P<0.001 P<0.001 P<0.001
INTERACTIONS
High seeding rate + 0 tonnes / ha 45.2 46.3 42.9 60.7 51.2 915 1630 1.73
High seeding rate + 2 tonnes / ha 42.8 65.3 53.9 61.6 51.7 1614 2642 1.34
High seeding rate + 4 tonnes / ha 41.7 64.1 53.2 67.9 55.5 1893 2977 1.18
Low seeding rate + 0 tonnes / ha 28.4 55.9 48.4 68.2 55.7 1096 1992 1.50
Low seeding rate + 2 tonnes / ha 28.5 77.2 61.5 63.1 52.6 1841 3036 1.10
Low seeding rate + 4 tonnes / ha 33.2 79.8 63.3 71.4 57.7 2340 3610 1.00
LSD 8.02 8.76 4.20 530.1 657.0 0.27
Significance (25 df) NS NS NS NS NS NS
Values in BOLD are angular transformations of %  plants with CMV infection upon which statistical analyses are based.
AUPPC = Area Under Pathogen Progress Curve.  Sowing date was 19th June and date of sowing CMV infected lupin seed sources was 30th June.
Dates of assessments are 15th October (penultimate) and 31st October (final).
Values are penultimate  detransformed % of CMV determined by ELISA.
% Plants with CMV AUPPC
Penultimate assessment Final assessment Penultimate assessment Final assessment
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Screening pulses for virus resistance and seed quality defects
R. Jones and R. Prince, Department of Agriculture, Western Australia and CLIMA
During 2003 a screening trial was carried out to determine the relative susceptibility and resistance of
different pulse genotypes to infection with pea seed-borne mosaic virus (PSbMV) and to viral seed
quality defects caused by PSbMV.
Previous research in WA, involving a screening trial at Medina Research Station, field trials at
Avondale Research Station and large-scale surveys of commercial seed stocks, confirmed that
PSbMV infection disfigures seeds of field pea, chickpea, faba bean and lentil.  In this project, PSbMV
tolerance trials are being conducted over several years, 2003 to 2006, in order to evaluate advanced
breeding lines, germplasm and commercial varieties of chickpea, field pea, lentil and faba bean for
susceptibility/resistance and seed quality defects.  Also, there is a need to evaluate the performance of
field pea lines in the Australian collection which already have known resistance genes to PSbMV using
WA virus isolates.
Eighty nine different grain legume lines; 22 desi chickpea, nine kabuli chickpea, 10 faba bean,
15 lentil, seven lupin and 26 field pea were evaluated under irrigated conditions at Medina Research
Station in 2003.  The trial design included three replications (six for control lines) in single row plots
each 1.5m long.  At either end of each row, a PSbMV-infected faba bean transplant was planted to act
as a primary source of the virus.  Between each infected transplant a healthy faba bean plant was
grown to act as a delayed, secondary source of infection.  Transmission of the virus occurred naturally
by aphids entering the trial, probing on an infected plant and moving onto another plant, probing and
transmitting the virus.  All plots were assessed fortnightly for symptoms of PSbMV.  When symptoms
were observed, infection was recorded.  In addition, a tip leaf sample from each plant in all rows was
tested by enzyme-linked immunosorbent assay (ELISA), to determine an accurate level of infection.
Levels of virus-affected seed and virus transmission through seed to seedlings will be determined by
growing out the harvested seed and testing radicles by ELISA using antiserum specific for PSbMV.
This method will enable lines to be selected with virus resistance.
Lines with apparent resistance to PSbMV and lines with favourable characteristics (i.e. low levels of
seed markings or staining) will be challenged again in trials during 2004.  Levels of infection will be
compared throughout each year of the project to isolate robust resistance.
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Nematodes
Are field pea and faba bean really resistant to Root Lesion Nematode?
V. Vanstone, S. Kelly and H. Hunter, Department of Agriculture, Western Australia
Field pea and faba bean are resistant to the root lesion nematodes (RLN) Pratylenchus neglectus and
to Pratylenchus thornei, therefore reducing nematode levels when used in cereal rotations.  Field pea
and faba bean are two of the non-host crops recommended for use where moderate to high levels of
these nematodes occur.
Soil samples from large scale field pea demonstration trials conducted in 2003 were provided to
DAWA Nematology for assessment of Root Lesion Nematode (RLN, Pratylenchus sp.).  Pratylenchus
neglectus was identified at the Scaddan, Muresk, Mukinbudin, Borden and Mingenew sites, with
nematode levels at sowing of 0.7, 6.4, 0.8, 10.0 and 0.9/g dry soil, respectively.
In September, additional samples were received from Muresk, Borden and Scaddan.  The nematodes
had not multiplied on any variety during the growing season (Table 56).  There was no significant
difference between varieties, and all nematode multiplication rates were significantly less than one.  A
multiplication rate of less than one indicates resistance.  In fact, nematode levels had actually
decreased during the growing season, showing the varieties tested did not host P. neglectus.  Even at
sites with moderate to high nematode levels at sowing (Muresk and Borden) numbers had declined
dramatically by late September.
Table 56. Nematode (P. neglectus) levels (/g dry soil) in soil samples at sowing (sow), podding (pod)










Kaspa 7.51 0.44 0.08 11.14 4.85 0.61 0.49 0.66 0.81
Dundale 6.92 0.67 0.12 8.15 3.50 0.74 0.88 0.17 0.30
Dunwa 6.58 0.42 0.05 12.12 3.40 0.58 0.71 0.20 0.34
Parafield 5.24 0.63 0.09 11.37 2.59 0.30 0.67 0.07 0.11
Helena 5.47 0.30 0.05 9.70 3.90 0.44 - - -
Mean 6.40 0.52 0.08 10.00 3.61 0.58 0.71 0.26 0.34
Faba bean varieties were sampled at Borden (03SP004).  As with field pea varieties, nematodes did
not multiply over the growing season, and levels had declined by September (Table 57).  There was
no significant difference between varieties, and all nematode multiplication rates were significantly less
than one, indicating resistance to P. neglectus.  Despite the high nematode level at sowing, the faba
bean varieties did not host these nematodes.
Table 57. Nematode (P. neglectus) levels (/g dry soil) in soil samples at sowing (sow), podding (pod)




Fiord - 2.33 0.24
Fiesta - 1.28 0.13
Ascot - 2.10 0.21
Manafest - 1.57 0.16
483 / 3 - 3.53 0.37
SP95054 - 1.96 0.20
Mean 9.92 2.13 0.21
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A field pea Crop Variety Testing (CVT) site sampled at Mt Ridley (02ES2) at the start of 2003, showed
P. neglectus levels were low (0.3/g dry soil), following the growth of pea in 2002.  Wheat was sown in
2003 and, by September, the nematode levels had increased by ten times.  RLN multiplication rate for
pea is less than one, whereas multiplication on susceptible wheat may be greater than 10.
Susceptible crops (e.g. wheat) can lead to rapid increase in RLN levels.  On the other hand, it may
take two to three seasons of a resistant crop (e.g. field pea) to drop nematode levels below limits likely
to damage an intolerant crop, especially if levels were initially high.
Samples were also obtained from a field pea CVT trial at Mt Barker (03MT51) in 2003.  RLN
multiplication rates were all greater than one, indicating that the nematodes had multiplied on these
varieties during the growing season (Table 58).  Nematode levels in October (12/g dry soil) and the
nematode multiplication rate (7) were significantly greater for Sturt than for the other varieties tested.
At this site, the RLN species was identified as P. penetrans.
In contrast to P. neglectus, some field pea varieties are susceptible to P. penetrans.  Although
P. penetrans occurs infrequently in cereal rotations, observations in 2003 at Narrogin (with 15
P. penetrans /g dry soil at sowing) have shown that this nematode can be highly damaging to cereals,
and is able to multiply during the growing season.  Field pea may be a less suitable break crop in
situations where P. penetrans occurs at moderate to high levels.  Detection of P. penetrans, and the
indication that at least some field pea varieties are susceptible to this nematode, highlights that it is
critical to identify which species of Pratylenchus is present.  Crop and variety host ranges for
P. penetrans will be studied in greater detail under glasshouse conditions.
Table 58. Nematode (P. penetrans) levels (/g dry soil) in soil samples at sowing (sow), podding (pod)




Dunwa - 4.14 2.01
Parafield - 2.41 1.55
Cooke - 2.16 1.43
Sturt - 11.95 7.01
Kaspa - 3.84 2.37
Helena - 4.77 3.47
Snowpeak - 4.95 2.54
Dundale - 5.85 4.10
Mean 1.74 5.01 3.06
Field pea and faba bean are not necessarily resistant to all RLN species, although they are resistant to
P. neglectus and to P. thornei.  P. thornei was detected rarely in 2003, and only in mixed populations
with other species of Pratylenchus.  After P. neglectus, P. teres was the most frequently detected RLN
species.  As yet, we do not have information on susceptibility of pea or faba bean to P. teres.
Table 59. Number of sites and levels (/g dry soil at sowing) of different types of Pratylenchus species at
trial sites sampled in 2003
Pratylenchus Site no. total P. neglectus P. teres P. penetrans Mixed1 No ID2
> 10 5   (3%) 1 - 1 2 -
3-10 14   (8%) 9 - - 5 -
1-2 16   (9%) 12 3 1 1 -
< 1 80 (44%) 48 12 - 4 16
0 67 (37%) - - - - -
 182 70 (38%) 15 (8%) 2 (1%) 12 (7%) 16 (9%)
1 Mixed = P. neglectus and / or P. teres and / or P. brachyurus ? and / or P. coffeae ? and / or P. penetrans
and / or P. thornei.
2 No ID = no adults present for identification.
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Galloway, J. and MacLeod, W.J. (2003).  Didymella rabiei, the teleomorph of Ascochyta rabiei, found
on chickpea stubble in Western Australia.  Australasian Plant Pathology 32(1): 127-128.
Jones, R.A.C., Coutts, B.A. and Cheng, Y. (2003).  Yield limiting potential of necrotic and non-necrotic
strains of Bean yellow mosaic virus in narrow-leafed lupin (Lupinus angustifolius).  Australian
Journal of Agricultural Research 54: 849-859.
Regan, K.L., Siddique, K.H.M. and Martin, L.D. (2003).  Response of kabuli chickpea (Cicer arietinum
L.) to sowing rate in Mediterranean-type environments of south-western Australia.  Australian
Journal of Experimental Agriculture 43: 87-97.
Review articles and book chapters
Leport, L., Turner, N.C., French, R.J., Thompson, B.D. and Siddique, K.H.M. (2003).  ‘Physiological
responses of cool-season grain legumes to drought in the low rainfall Mediterranean
environment of south-western Australia.’  In:  ‘Management of Agricultural Drought:  Agronomic
and Genetic Options’ (Ed. N.P. Saxena) (Science Publishers Inc.: Enfield, N.H.) pp. 163-172.
Conferences and Workshops
Abbas, N., Plummer, J., White, P.F. and Siddique, K.H.M. (2003).  Investigation of environmental
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APPENDIX II: Summary of previous results
Season 2001
The 2001 season in Western Australia (WA) was uncharacteristic, with winter droughts and plentiful
spring rainfall in most regions of the State.  Generally, the growing season rainfall (May to October) for
many areas was below average.  Most of the cropping regions in WA experienced opening rains in
May, however dry conditions through most of June and July limited further sowing opportunities and
inhibited the growth of germinating crops.  With the outlook appearing bleak, rainfall in late July, and
cool, wet conditions during spring, revived expectations for a good harvest.  The fungal disease
incidence was generally low in the majority of pulse crops, occasional reports of blackspot in peas and
chocolate spot in faba bean were received whereas, ascochyta blight in chickpea was observed in
many crops.  Yield and quality losses due to the disease, however, were inconsistent.  Where crops
were managed using recommended strategies, crop damage was minimal.  Yields of pulse crops were
variable, but quality was generally good.  Commercial yields ranged between 0.2-1.0 t/ha for desi
chickpea, 0.8-2.8 t/ha for field pea, 0.6-3.0 t/ha for faba bean, 0.4-1.8 t/ha for lentil and 0.7-1.5 t/ha for
vetch.
Prices for field pea during 2001 were excellent.  They exceeded $280/t and remained steady
throughout harvest.  Prices for desi chickpea and red lentil reached more than $600/t early in the year,
and have remained firm at around $450-500/t.  Faba bean prices declined during 2001 due to
carryover stocks sold to Egypt just prior to harvest.  This is not expected to occur in 2002, with prices
forecast to recover to $250/t.
The area of pulse production declined by in WA during 2001 compared to the 2000 season.  The area
was approximately 20,000 ha for chickpea, 45,000 ha for field pea, 13,000 ha for faba bean, about
4,000 ha of lentil, and about 5,000 ha of vetch.  The decrease in area was largely in response to the
dry start to the season and concerns with ascochyta blight in chickpea.  More than half the area sown
to field pea was in the Esperance region and a record 32,000 tonnes was delivered in the port zone.
This was more than 20,000 tonnes over the previous record.
There was an increase in the allowable moisture to 14% for harvest pulse seed in 2001, which allowed
earlier commencement of harvest.  Field trials in 2001 have also suggested that greater seed yield and
improved seed quality are produced when the crop is harvested at higher seed moisture.
A new variety of field pea, Dunwa, was released during 2001.  This variety, along with Helena,
produced the greatest seed yields in variety evaluation trials this season.  Dunwa seed will be
available for commercial production in 2003.
Evaluation of kabuli chickpea germplasm introduced from overseas continued in 2001.  Several kabuli
chickpea lines from Turkey/International Centre for Agricultural Research in the Dry Areas (ICARDA)
have demonstrated superior ascochyta resistance and agronomic adaptation in Australia.  Promising
lines were bulked-up at during 2001 and limited yield evaluation trials will be undertaken in 2002.  Four
promising kabuli chickpea lines introduced from Spain and Mexico have been identified for the high
value kabuli chickpea industry in the Ord River Irrigation Area (ORIA).  The introduced lines have extra
large seed and superior yield compared to Macarena, the standard variety.  Basic seed production and
further evaluation of these lines will continue in 2002 in the ORIA.
Howzat, a newly released variety of desi chickpea with moderate ascochyta resistance, was evaluated
in large-scale demonstration trials in the northern agricultural region.  Howzat exhibited greater
ascochyta resistance and comparable seed yields to Sona.  Considerable progress is being made in
identifying sources of ascochyta blight resistance in chickpea, and a number of promising lines are
beginning to emerge through the local breeding program and ACCIP.  Three locally bred and four
Eastern States desi chickpea lines are showing good ascochyta resistance and seed yields in WA.
These lines are now being fast-tracked to variety release.  Six kabuli lines also showing promise in
Victoria, New South Wales and WA, are being considered for commercial release in the Eastern
States.
Following excellent results with Lathyrus cicera (cv. Chalus) as a feed for pigs and sheep, a study was
undertaken to evaluate its potential in the poultry industry for laying hens.  Hens eating diets including
Chalus showed a significant trend to greater consumption and produced significantly more yellow egg
yolks.  It was also shown that the Chalus content did not affect the feed conversion ratio, or the size or
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shell thickness of eggs.  The neurotoxin, ODAP, was not detected in any significant levels in eggs,
breast meat, liver or brain tissue of hens fed Chalus in diets.
The Pulse Association of the South East (PASE), pre-sold 15,000 tonnes of field pea in a cooperative
marketing exercise following similar success in the 2000 season.  The Great Southern Pulse Growers
Association (GSPGA) collected additional footage on field pea establishment, land preparation, crop
topping and harvesting techniques, which will be added to the field pea harvesting video.  The new
video will be available during 2002.
Season 2002
With such a difficult season across the whole country it is challenging to identify the highlights of 2002,
however there were some positive outcomes in the pulse industry in Western Australia (WA).  The
southern parts of the Great Southern actually experienced a better season than last year, with some
excellent faba bean and field bean crops grown.  Generally however, WA experienced its worst
drought in more than 80 years.  The growing season rainfall (May to October) for most areas was well
below average.  Growers were unable to establish their full cropping program, and subsequently, the
area sown to pulses was reduced compared to previous years.  The fungal disease incidence was
generally low in the majority of pulse crops.  Seed yields of pulse crops were variable, and some crops
were not harvested due to drought.  Commercial yields ranged from crop failure up to about 1.0 t/ha
for desi chickpea, 2.0 t/ha for field pea, 1.5 t/ha for faba bean, 2.0 t/ha for lentil and 1.5 t/ha for vetch.
Prices for pulses towards the end of 2002 and the beginning of 2003 were excellent.  Field pea prices
exceeded $350/t.  Prices for desi chickpea have hovered around $485, while red lentil prices have
remained firm at around $500-550/t.  Faba bean prices recovered in 2002 to about $300 after a slump
in 2001.
The area of pulse production contracted in WA during 2002 for all species except field pea.  The area
of field pea increased from around 45,000 ha in 2001 to 70,000 ha.  Indications are that field pea
production will expand again in 2003.  The area of production for each of the other species (chickpea,
faba bean, lentil and vetch) was less than 10,000 ha.  The decrease in area was largely in response to
the drought and concerns with disease (chickpea and faba bean).
A new variety of semi-leafless dun type field pea, Kaspa (developed by the Victorian Institute of
Dryland Agriculture (VIDA) and NSW Agriculture), was released during 2002.  Two promising lines of
desi chickpea have been identified with ascochyta blight resistance better than Howzat and between
5-11% greater yield than Sona.  Several kabuli chickpea lines from ICARDA have also demonstrated
superior ascochyta resistance and agronomic adaptation in Australia.  Australia-wide evaluation and
seed bulk-up in WA will be undertaken in 2003, with variety release anticipated for 2005.  Three
promising kabuli chickpea lines introduced from Spain, Greece and Mexico identified for the high value
kabuli chickpea industry in the Ord River Irrigation Area (ORIA) were multiplied in 2002.  The
introduced lines will undergo commercial scale bulk-up and evaluation during 2003 in the ORIA, prior
to the release of a variety in 2004.
A pulse grower challenge ‘The Premium Pulse Challenge’ was launched by the Department of
Agriculture, Premium Grain Handlers and Premium Split Products in 2002 to find the State’s best
pulse crop.  The prize for the winner, sponsored by Premium Grain Handlers Pty Ltd, included travel
and registration for two people to attend an international pulse conference in 2003.
An update to the Great Southern Pulse Growers Association’s (GSPGA) field pea harvesting video
was released in May.  The video now includes footage on seeding/rolling techniques, croptopping
ryegrass, harvesting techniques and issues (crop lifters, plucker fronts, windrowing, harvest losses)
and seed quality.
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APPENDIX III: List of common acronyms
Acronym Full name
ACCIP Australian Coordinated Chickpea Improvement Program
ACIAR Australian Centre for International Agricultural Research
ACPIP Australian Coordinated Pea Improvement Program
APVMA Australian Pesticides and Veterinary Medicines Authority
ARC Australian Research Council
ATFCC Australian Temperate Field Crops Collection
BARI Bangladesh Agricultural Research Institute
CIPAL Coordinated Improvement Program for Australian Lentils
CLIMA Centre for Legumes in Mediterranean Agriculture
CMV Cucumber mosaic virus
COGGO Council of Grain Growers Organisation
CVT Cultivar Variety Testing
DAWA Department of Agriculture, Western Australia
DPI Department of Primary Industries
ELISA Enzyme-linked immunosorbent assay
GRDC Grains Research and Development Corporation
GSPGA Great Southern Pulse Grower Association
IARI Indian Agricultural Research Institute
ICARDA International Centre for Agricultural Research in the Dry Areas
ICRISAT International Centre for Research in the Semi-Arid Tropics
ORIA Ord River Irrigation Area
NARC Nepal Agricultural Research Council
NFBIP National Faba bean Improvement Program
PASE Pulse Association of the South East
POLA Pulse, Oilseed and Lupin Association
RIRDC Rural Industries Research and Development Corporation
RLN Root lesion nematode
SARDI South Australian Research and Development Institute
STMS Sequence tagged microsatellite site
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2004 LUPIN AND PULSE INDUSTRY HIGHLIGHTS 
Important developments in breeding and variety development have made 2004 a year to remember in 
the advancement of the lupin and pulse industries in Western Australia.  New varieties that have been 
released provide solutions to major problems that have troubled the lupin and pulse industries for 
several years.  The future now looks bright with significant expansion expected over the next five 
years. 
The keenly anticipated release of the new narrow leaf lupin variety Mandelup, lived well up to 
expectations.  There was very strong demand for seed of this variety and it is now recommended for 
all lupin growing areas throughout the State, except the anthracnose prone areas in the high rainfall 
parts of the Northern Agricultural Region.  Mandelup provides up to an 8% yield boost over all other 
lupin varieties and compared with Belara, provides better anthracnose tolerance, higher protein, 
improved aphid resistance and better metribuzin tolerance. 
Mandelup has been particularly welcomed by growers because of the improved options it provides for 
weed management.  Its higher yield and early maturity allows more flexibility for delayed sowing and 
better use of knockdown herbicides.  This, coupled with its greater metribuzin tolerance, reduces the 
cost and improves the control of broadleafed weeds in lupin crops.  Research during 2004 also 
showed that Mandelup was well suited to wide-row production, opening up further possibilities for 
specific management of weeds either within, or between, rows.  
Field peas were the talk of the pulse world in WA during 2004 with Kaspa generating a large amount 
of interest.  Harvesting Kaspa was the main topic of discussion.  The upright nature of the plant and 
reduced pod shattering allowed crops to be harvested well above ground level with negligible harvest 
loss.  Other problems, however, emerged, particularly with getting the crop to feed into the broad 
elevator on draper fronts.  Innovative solutions to these problems were developed by growers and are 
included in a new farmnote on Harvesting Semi-leafless Field Peas, to be published by the 
Department of Agriculture in 2005. 
The yields of Kaspa were again impressive in the medium to high rainfall areas of the wheatbelt, with 
Kaspa generally being amongst the top yielding lines for these regions.  The very dry spring and frost 
in parts of the southern growing region, however, took their toll in the low rainfall areas, with Kaspa 
being hit worse than other varieties.  Research results also indicated that Kaspa, in low rainfall 
environments, will suffer a greater yield penalty than Dunwa or Helena from mid to late June sowing, 
particularly in dry seasons. In most years though, yield differences are unlikely to be large and will be 
off-set by the ease of harvest and lower pod shattering of Kaspa. 
Sales of Kaspa seed during 2004 increased to over almost 3,000 tonnes with demand out-stripping 
supply.  Most of this seed is expected to be sown for seed-increase in 2005 and then sown as 
commercial crops in 2006.  A record field pea crop is therefore projected for 2006 with a significant 
number of new field pea growers. 
Three new desi chickpea varieties with improved resistance to ascochyta blight, and higher yields, 
excellent seed quality or improved harvestibility, became available to growers in 2004.  Rupali and 
Sonali were released by the Department of Agriculture and, while not officially released, significant 
quantities of Genesis 836 were received by growers from Australian Agricultural Commodities in 
Victoria.  All three varieties have something to offer Western Australian growers and provide a sound 
basis for the recovery in the chickpea industry. 
Research results indicate that Genesis 836 is the best all-round variety with the highest level of 
ascochyta resistance of the three varieties, but also with good yield potential and fine seed quality.  
Sonali, is likely to be the preferred option where ascochyta risk is low, because it has produced high 
yields in low disease situations over the past four years.  Rupali has excellent seed quality with a 
potential to attract significant price premiums, however, its yield and disease resistance appear 
average.  All three varieties will still need several fungicide sprays to manage ascochyta blight, but the 
management of this disease with these varieties will be easier and more robust.  Research trials also 
showed the excellent levels of resistance to ascochyta blight that can be expected in future new 
varieties of both desi and kabuli chickpea. 
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In an exciting further development during 2004, a new desi chickpea breeding alliance was formed 
between the Department of Agriculture, CLIMA, COGGO and ICRISAT.  This alliance is focused 
squarely on breeding improved varieties for the Northern Agriculture Region of WA, and promises the 
accelerated release of superior chickpea varieties for this important chickpea growing region in the 
future. 
Farah, a new variety of faba bean with excellent ascochyta resistance also became available to 
Western Australian growers in 2004.  This variety (released in South Australia in 2003) is an 
ascochyta resistant selection from Fiesta and is therefore the first variety available with good 
resistance to the two major diseases of faba beans in WA (chocolate spot and ascochyta blight).  
Farah is a particularly good variety for ascochyta prone areas where it provides a substantial yield and 
quality boost over Ascot, the only other ascochyta resistant variety available. 
Variety trials in 2004 showed that Cairo, a faba bean variety released for Northern New South Wales, 
is well suited to the Northern Agricultural Region of WA, with yields generally being higher than that of 
Fiord.  This variety however, is not yet readily available in WA. 
Good progress was also made with the development and release of new varieties of yellow lupin, 
albus lupin and lathyrus.  An experimental release of two lines of yellow lupins was trialled by the 
Department of Agriculture with four growers successfully applying to multiply seed and test the 
suitability of these lines for commercial production.  The seed multiplication was successful and further 
decisions on the release of the lines will be made in 2005.  During the year 12 tonnes of WALAB-
2000, an albus lupin line with improved anthracnose resistance was produced by COGGO.  A decision 
will be made in 2005 about the release and distribution of this line.  Finally, a new variety of Lathyrus 
sativus underwent the final stages of testing and commercialisation during the year and is set to be 
released by CLIMA in 2005. 
GRDC has continued its strong support for research and development of lupins and pulses in WA by 
funding more than a million dollars of new projects in 2004 in both breeding, agronomic research and 
industry development.  Collaboration between the major industry players also continued with good 
leadership provided in several new initiatives by the Department of Agriculture, CLIMA, Pulse WA, 
CBH/GPWA and Grower Groups. 
Peter White 
Department of Agriculture, Western Australia 
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Table 1. Monthly rainfall at experimental sites in 2004 
Trial site J F M A M J J A S O N D Total M-O 
Bencubbin 15 11 6 6 37 63 55 26 10 31 11 0 271 222 
Bindoon 0 0 3 8 111 130 81 126 33 48 51 1 592 529 
Dongara 0 0 2 12 95 78 63 61 51 13 5 0 380 361 
Esperance 19 27 46 24 58 61 52 84 47 16 24 5 463 318 
Katanning 26 10 4 26 47 121 59 77 20 32 34 2 458 356 
Manjimup 3 6 11 27 105 173 104 145 49 34 59 6 722 610 
Medina 0 9 1 15 90 108 134 145 42 46 24 6 620 565 
Merredin 20 13 7 29 42 63 38 37 9 22 0 0 280 211 
Mingenew 1 1 2 6 54 70 66 50 31 11 8 0 300 282 
Mukinbudin 30 28 3 n/a 36 54 40 21 11 10 2 n/a 235 172 
Mullewa 8 10 5 27 25 29 31 29 42 2 2 0 210 158 
Salmon Gums 25 16 33 28 8 27 33 23 22 6 14 3 238 119 




Annexe n/a n/a n/a n/a 30 76 73 60 67 11 5 0 322 317 
York 5 29 3 2 58 90 47 80 20 40 17 0 391 335 
Yandanooka n/a n/a n/a 6 59 65 53 61 58 8 n/a n/a 310 304 
1 n/a = not available. 
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CONTRIBUTORS 
Research reported here has been conducted by a wide range of people from several institutions in 
WA.  The Grain Legume Development Project at DAWA has taken the lead in developing and editing 
this book.  Telephone numbers and e-mail addresses for principal authors of articles have been listed 
to encourage interested readers to contact the authors for further information.  In some cases, the 
results presented in this book are only preliminary and will be analysed in more detail throughout the 
year.  
Contact details of principal authors 
Name Organisation Phone E-mail 
Adhikari, Kedar Department of Agriculture 9368 3528 kadhikari@agric.wa.gov.au 
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Clarke, Heather CLIMA, UWA 6488 1648 hclarke@cyllene.uwa.edu.au 
Clements, Jon CLIMA, UWA 6488 1342 clem@cyllene.uwa.edu.au 
Croser, Janine CLIMA, UWA 6488 7951 jcroser@clima.uwa.edu.au 
French, Bob Department of Agriculture 9081 3126 bfrench@agric.wa.gov.au 
Galloway, Jean Department of Agriculture 9690 2146 jgalloway@agric.wa.gov.au 
Harries, Marty Department of Agriculture 9956 8553 mharries@agric.wa.gov.au 
Jones, Roger Department of Agriculture/CLIMA 9368 3269 rjones@agric.wa.gov.au 
Khan, Tanveer Department of Agriculture 9368 3602 tkhan@agric.wa.gov.au 
MacLeod, Bill Department of Agriculture 9690 2172 bmacleod@agric.wa.gov.au 
McMurray, Larn SARDI 8303 9661 mcmurray.larn@saugov.sa.gov.au 
Nuruzzaman, Mohammad UWA 6488 1988 mnuruzza@agric.uwa.edu.au 
Parker, Wayne Department of Agriculture 9956 8511 wparker@agric.wa.gov.au 
Pearse, Stuart UWA 6488 1988 spearse@agric.uwa.edu.au 
Pritchard, Ian Department of Agriculture 9690 2158 ipritchard@agric.wa.gov.au 
Regan, Kerry Department of Agriculture 6488 1983 kregan@agric.wa.gov.au 
Riethmuller, Glen Department of Agriculture 9081 3146 griethmuller@agric.wa.gov.au 
Seymour, Mark Department of Agriculture 9083 1143 mseymour@agric.wa.gov.au 
Shan, Fucheng CLIMA, UWA 6488 7193 fshan@agric.uwa.edu.au 
Shea, Greg Department of Agriculture 9081 3112 gshea@agric.wa.gov.au 
Si, Ping CLIMA, UWA 6488 1233 pingsi@cyllene.uwa.edu.au 
Siddique, Kadambot CLIMA, UWA 6488 2250 ksiddiqu@fnas.uwa.edu.au 
Thomas, Geoff Department of Agriculture 9368 3262 gthomas@agri.wa.gov.au 
Wang, Shao Fang Chemistry Centre, WA 9222 3040 swang@ccwa.wa.gov.au 
Wouterlood, Madelaine UWA 6488 1988 mwouterlood@yahoo.com.au 
White, Peter Department of Agriculture 9368 3508 pfwhite@agric.wa.gov.au 
CAUTION:  UNREGISTERED PESTICIDE USES 
Any research with unregistered pesticides or of unregistered products reported in this document does 
not constitute a recommendation for that particular use by the Department of Agriculture.  All pesticide 
applications must accord with the currently registered label for that particular pesticide, crop, pest and 
region. 
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BACKGROUND 
Grain legumes are an important part of Australian agriculture providing farmers with a diversified 
income and an effective means of managing weeds, disease and protein levels in cereals.  Field pea 
(Pisum sativum) and faba bean (Vicia faba) are the grain legumes with the longest history in WA with 
reports of their production dating back to the early history of agriculture in this State.  Narrow-leafed 
lupin (Lupin angustifolius) however, was the first grain legume species established as a modern broad-
acre crop in WA.  Lupins have been a vital component of sustainable cropping rotations in WA for the 
past 30 years, particularly on the deep, coarse-textured acid soils.  An intensive breeding and 
agronomic research effort by the Department of Agriculture and CLIMA through the late 1980s and 
1990s has also established field pea, faba bean, chickpea (Cicer arietinum) and other pulse species, 
as significant broad-acre crops suitable for contemporary Western Australian farming systems. 
The broad array of grain legume species now available to Western Australian growers provide viable 
grain legume options for nearly every cropping situation in WA.  The choice of crop species provides 
flexibility across the range of rainfall and soil environments, disease and weed spectrums, and 
production and price risks, facing each farming enterprise. 
There are currently about 900,000 hectares of grain legumes grown in WA producing about 1.2 million 
tonnes of grain valued at over 230 million dollars.  Narrow-leafed lupins dominate production with 
about 800,000 t produced in 2004. 
The lupin area has declined during the first part of this decade after reaching a peak of over 1 million 
hectares in the late 1990s.  The main causes of this recent decline, has been variability in production 
(dry seasons), low prices relative to cereals and problems with weed management.  In response, the 
lupin growing area has contracted away from marginal production situations (fine textured soils in low 
rainfall areas), back to the more traditional lupin growing soils and environments.  Breeding and 
research are currently aimed at improving yields, and weed management by developing high yielding 
varieties with better herbicide tolerance, and developing innovative weed management strategies.  
Fine-tuning crop management and crop modelling is also an important research priority aimed at 
improving cropping decisions for low rainfall regions.  Considerable work is also aimed at improving 
the product value of lupins by breeding for higher value grain, and developing value-added products 
for the food and feed industries.  The establishment of a lupin de-hulling plant in Perth, development of 
lupin milk and breeding yellow (Lupinus luteus) and pearl (Lupinus mutabilis) lupins with superior grain 
quality are examples of these developments. 
Field peas began a slow but steady increase in the area sown because of a more robust management 
package and new varieties.  About 80,000 ha of field pea were grown in WA during 2004, making it 
the second most widely grown grain legume after lupins.  New, easier-to-harvest, semi-leafless 
varieties (e.g. Kaspa) have recently become available and have generated considerable new interest 
in field pea with a projection of over a 200,000 ha to be sown in 2006.  As the field pea area expands 
managing black spot, improving ease of harvest, avoiding frost and managing stubble to minimise soil 
erosion will increase in importance.  Developing solutions to these problems will continue to be 
important breeding and research objectives for field pea into the future. 
Chickpea production in WA has declined substantially after expanding rapidly to over 70,000 ha in the 
late 1990s.  Ascochyta blight causing widespread crop losses was the main cause of the decline, and 
continues to be the primary constraint on the industry.  Growers in the northern and central agricultural 
areas have, nevertheless, remained keenly interested in chickpea and the release, over coming years, 
of ascochyta resistant chickpea varieties should see a rapid resurgence in this industry.  Developing 
high yielding varieties with greater resistance to ascochyta blight and management packages that 
minimise ascochyta risk will be the main research objectives for chickpea into the future. 
The faba bean industry is now beginning to re-establish itself after also experiencing a rapid decline in 
the area sown due to widespread crop losses caused by chocolate spot disease.  New disease 
resistant varieties have been the basis for the recovery in faba bean production, particularly in the 
medium and high rainfall areas of the State.  
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Albus lupin (Lupinus albus), vetch (Vicia sativus), lentil (Lens culinaris), narbon bean (Vicia 
narbonensis), grass pea (Lathyrus sativus) and dwarf chickling (Lathyrus cicer), remain as minor crops 
in WA, although vetch is of localised importance in the south eastern wheatbelt and albus lupin, at one 
time, occupied nearly 40,000 ha throughout the State before anthracnose became established.  
Breeding and evaluation of albus lupin and lentil continues and hold open prospects for the release of 
improved varieties that may stimulate recovery or expansion of these industries. 
Peter White 
Department of Agriculture, Western Australia 
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2004 REGIONAL ROUNDUP 
Northern Agricultural Region 
Martin Harries, Department of Agriculture, Western Australia 
The year started very well in the northern region with almost all crops sown into moisture on time.  
Overall establishment was excellent throughout the and at this time hopes were high for an above 
average year.  However, an extended dry period in the winter months reduced yield, particularly in 
eastern districts and on heavy soils.  Late rains did fall in August and September.  These rains were of 
great benefit but more so in the medium and high rainfall zones where crops were better able to use 
the moisture. 
Yields of narrow leaf lupins in the region were impressive with the regional average approaching two 
tonnes per hectare however, like other commodities it was disappointing to see prices well below the 
long term average.  
The release of the new narrow leaf lupin variety Mandelup, lived up to expectations with strong 
demand for seed.  Mandelup is recommended for all lupin growing areas throughout the State, except 
the anthracnose prone areas in the high rainfall parts of the Northern Agricultural Region.  Mandelup 
combines early maturity and high yield with anthracnose and metribuzin tolerance as good as or better 
than Kalya. 
The natural growth and development pattern of lupin is well suited to wide-row production.  Many trials 
in 2004 again showed that lupins in rows of 50 cm, or even wider in some cases, yielded as good as 
or better than 25 cm.  This is an exciting development in lupin agronomy opening new options for 
weed control and the better targeting of inputs to the crop.  A concerted effort has been made into 
refining the production of lupins in wide rows, although many questions remain unanswered. 
Anthracnose resistant Albus lupins were successfully tested and bulked throughout the region.  Yields 
of new lines were comparable to those of Kiev Mutant.  In the medium rainfall zone, where the new 
lines are to be targeted yields were between 1.5 to 2.0 t/ha.  COGGO bulks in Mingenew and 
Avondale produced approximately 10 tonnes of seed and a decision will be made shortly as to the 
best method of progressing seed to growers. 
Development of ascochyta resistant chickpeas continued with some major advances throughout the 
year.  Two varieties with better ascochyta resistance than Sona were released by the Department, 
Sonali and Rupali.  While these varieties are recommended for low ascochyta risk areas, the eastern 
half of the medium rainfall zone and low rainfall areas, they do represent a significant advance on 
Sona.  An Eastern States line set for release as Genesis 836 (tested as ICCV 96836) performed well 
in the northern region with yields from 1.8 t/h at Carnamah to 0.7 t/ha at Mullewa.  This line offers a 
further advance in ascochyta resistance. It is anticipated that Genesis 836 will be bulked under 
contract in 2005. 
The Council of Grain Growers Organisation, (COGGO) has taken on the bulk up production of 
promising kabuli chickpea lines and three successful bulks were run in the Dongara area.  The best of 
these bulks yielded an impressive 2.3 t/ha and as a result of this success it is anticipated that one or 
more lines will be released in 2005.  The lines nearing release again showed a high resilience to 
ascochyta with two fungicide applications controlling spread in the Dongara area. Kaniva alongside 
given the same treatment was infected, lodged and yielded poorly. 
Field pea yields from around the region varied from 0.6 t/ha to over 2 t/ha.  Kaspa again yielded above 
Dundale in the low rain fall areas however the large yield improvements that are being reported from 
the south east grain belt are not translating to the north eastern cropping areas.  It is interesting to 
note that in a large scale trial in the high rainfall northern zone Kaspa yielded over 2.0 t/ha despite 
harvest being delayed until mid December.  Yield loss from shattering was much lower from Kaspa 
compared to the other varieties when harvest was delayed. 
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Yields of beans exceeded 3 t/ha in some cases due to early sowing opportunities in coastal areas.  
The main agronomic topic of beans during the season was the use of Raptor® for post emergent 
broadleaf weed control.  Growers who mixed Raptor® with other herbicides such as grass selectives 
had poor crops or in extreme cases lost the crop.  Raptor® must not be mixed with anything except 
wetter. 
In total approximately 30 trials and demonstrations were conducted by the grain legume agronomy 
project in the northern region in 2004.  At industry events such as variety releases, field days and field 
walks these trials and demonstrations were showcased to hundreds of growers. 
Central Agricultural Region 
Ian Pritchard, Department of Agriculture, Western Australia 
The 2004 season began well with the entire central region receiving average or better rainfall for the 
start of the season in May.  This allowed cropping programs to be sown ‘on time’ and with good follow 
up rains in June and July the season was poised to be another average to above average year.  
Unfortunately the 2004 spring was characterised by an abnormally dry September/October for all 
districts with scattered frosts in all districts in September.  Subsequently most crop yields were at best 
average.  The standard comment from growers was, “the crop grew well but just did not yield”.  The 
exception to this generalisation was lupin crops, in many central districts lupins performed very well 
with the new variety Mandelup yielding on average over 2.0 t/ha and up to 2.6t/ha.  Even though most 
would agree that 2004 was a year of lost opportunity, a major positive to come out of 2004 is the lupin 
response to row spacing is becoming clearer and will improve the reliability of lupin yield in the future. 
Interest is continuing to be shown in the new semi-leafless field pea variety Kaspa.  The presence of 
Kaspa seed crops and demonstrations in most districts allowed growers to see Kaspa first hand in 
their district.  Field pea yields ranged from 0.2-2.1 t/ha for the region as the result of the combination of 
spring frosts and drought with Kaspa appearing to be the worst affected by these conditions being 
unable to recover compared to varieties such as Dunwa, Helena and Parafield.  In the medium and 
high rainfall zones Kaspa still performed exceptionally well out-yielding all the other named dun-type 
varieties and standing head and shoulders above the others at harvest. 
The good start to the 2004 season allowed the gradual increase in faba beans to continue, however 
with the very poor finish to the season many central region faba bean growers will be determining their 
future within their cropping programmes. 
A handful of chickpea crops are continuing to be grown in the region and will continue to be grown.  
The release of Sonali and Rupali available from AWB seeds and the commercialisation of ICCV 96836 
as Genesis 836 in WA by Coorow Seeds on behalf of Australian Agricultural Commodities will see an 
increase in grower confidence but not necessarily area.  Chickpea yields generally ranged from 
0.4-0.8 t/ha due to the very dry finish. 
The Ninghan Farm Focus Group conducted a spring field walk/trial inspection at the end of September 
which was very well attended by growers.  The group is continuing to evolve and grow with the aim of 
the group to represent eastern wheat-belt farmers to government, industry, research institutions and 
funding bodies. 
Great Southern and Lakes 
Rodger Beermier, Department of Agriculture, Western Australia 
Good summer rains fell in 2004 around the lakes region however further west remained dry.  March 
and April were very dry over the whole region and the little rain that fell in May was of no real use other 
than to settle the dust and cause growers to hope that June would be the break.  June was the break, 
with above average rainfall falling for the month in the majority of the area.  With July becoming dry 
again, good falls towards the end of August increased optimism for a good finishing spring – but this 
did not occur.  From Williams to Lake King and south to Borden, total falls for September and October 
ranged between 25 mm to 50 mm thus reducing yields.  Several harvest bans, rain and a couple of 
significant fires (Kukerin and Badgebup) delayed the harvest program. 
Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
9 
With field pea being the main pulse crop grown in the region and the new variety Kaspa dominating 
interest, pulse trials were aimed at addressing issues associated with growing field pea and in 
particular, Kaspa.  However, research is still continuing into faba bean germplasm and kabuli chickpea 
ascochyta resistance. 
As we started a new field pea extension project in 2004 and further to last seasons large scale trials 
more Kaspa demonstrations were placed in areas where no farmer bulk ups were occurring.  Frost 
played a significant role east of Newdegate with two of the Kaspa demonstrations yielding 2 kg/ha 
while Parafield/Helena yielded 300 kg/ha within the same paddocks.  As Kaspa, is more determinant 
in its flowering and the frost occurred when it did, this spelt disaster. However, in the areas where no 
frost was experienced (west of Lake Grace), yields of Kaspa ranged from 1.1 t/ha to 1.4 t/ha with one 
farmer in Pingelly reporting his bulk up Kaspa crop yielded 1.9 t/ha.  This was in comparison to 
Dundale which yielded 0.6-0.8 t/ha and the Pingelly farmer’s Helena which yielded 1.5 t/ha.  Parafield 
and Dunwa yielded between 1.0 and 1.4 t/ha. 
Lupin production remained average with yields of Belara averaging between 0.9–1.4 t/ha and Tanjil 
0.6–1.0 t/ha. 
A limited number of faba bean crops were grown with Fiesta being the dominant variety and Ascot 
becoming scarce.  Of the few crops grown in 2004, yields ranged from 0.8–1.4 t/ha.  Continued 
interest in granular inoculum for dry seeding beans and the new ascochyta resistant variety Farah 
should see faba bean production continue to increase over the next few years. 
In 2005, work will continue in the region to develop, evaluate and extend new pulse lines including 
field pea, faba bean, kabuli chickpea and lupin.  
Esperance Port Zone 
Mark Seymour, Department of Agriculture, Western Australia and David Syme, The Grain Pool of WA 
2004 will go down as the year that got away.  Crop growth was excellent leading into spring and there 
was muted talk of another bumper season.  Unfortunately September and October rainfall was very 
disappointing.  For example at Salmon Gums 28 mm fell in the September-October period, half of 
what normally falls in the same period.  Similarly at Scaddan in the medium rainfall zone September-
October rainfall in 2004 was 40% less than average, with October 2004 being particularly dry – with 
only 6 mm of rainfall being recorded. 
Frost affected some crops, with the most widespread damage appearing in the Lakes district.  On 
September 11 the main frost of the year occurred, which garnered a lot of press.  This was prior to 
flowering in many, but not all, field pea crops.  Frost (< 3°C) also occurred on 22, 23, 27, 28, 29 and 
30 September and 2, 8, 13 and 14 October.  In total there were 11 days in September below 3°C at 
Lake King, with 5 days below 0°C, and in October four nights were below 3°C.  It is likely most peas 
would have been flowering during one or more of these frost events.  Conditions during and after 
these frost events were very dry (Decile 3 or 4) and on occasions very windy and hot (October had 3 
days over 30°C, not that unusual but winds were unusually strong).  Thus there was an extended 
period during the reproductive phase of crops in which they were exposed to frost events and dry 
conditions.  Determinant varieties such as Kaspa recovered poorly from these stresses with very low 
or no yield in demonstration plots at Lake King and Mt Madden.  Less determinant lines such as 
Dundale, Parafield and Helena did recover but yields were still low, around 300-600 kg/ha. 
The dry spring resulted in poor pod set and seed filling of most legume crops.  Approximately 18,000 
ha of field pea were sown in the Esperance shire and 24,000 ha in the port zone in 2004.  In low 
rainfall areas, crops which had looked excellent, only yielded 400-600 kg/ha.  Yields were higher in 
medium rainfall areas but still disappointing.  Many crops were 0.9-1.2 t/ha, with the better crops 
yielding 1.5 t/ha.  In the absence of frost there were no differences between varieties, with most bulk 
up areas of Kaspa yielding about the same as Parafield grown nearby.  The port at Esperance took 
delivery of 16,000 tonnes of field pea consisting of 6,000 tonnes of Milling No. 1 and 10,000 tonnes of 
Milling No. 2.  This is well down on the 2003 record of 44,000 tonnes. 
As a result of excellent early growth and low yields harvest was particularly trying in 2004.  Farmers 
had to contend with a bulky but light canopy which was easy to pick up but hard to keep moving on the 
harvester front - causing many hours of frustration for farmers with draper fronts.  Kaspa was 
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particularly prone to this problem, consequently the 2004 harvest quickly showed farmers that many 
changes will be necessary if Kaspa type peas are to be efficiently harvested.  A summary of their 
experiences is available in this book and will also be the basis of a farmnote to be published by DAWA 
later in the year. 
Many farmers swathed field pea in 2004 with good results.  Of particular interest was the excellent 
stability of Kaspa swaths.  Esperance experienced many hot dry winds around 40 km/hour and Kaspa 
swaths, which had been rolled with a cotton reel roller held together very well, comparable to cereal 
swaths. 
Insect damage was very high in 2004, most with late infestation of budworm in late September, which 
many growers failed to control. 
In 2004 we looked closely at an early flowering semi-leafless line from Victoria as a possible new 
variety for low rainfall areas.  The line 96-286*1 was a bit slower growing than both Kaspa and 
Parafield, but did grow well in our trials and farmer scale demonstrations.  We observed 96-286*1 
recovered from the stress of frost in the Lakes – unlike Kaspa.  However, in the absence of stress 
inflicted by frost, 96-286*1 did not out-yield Kaspa in low rainfall trials in the Mallee.  96-286*1 does 
not have the sugar pod trait found in Kaspa, Moonlight and Yarrum, and we observed 96-286*1 
shedding in a few trials.  In a semi-leafless line, which is likely to be harvested in warmer conditions 
this is unacceptable.  Therefore it is unlikely DAWA will promote this line further in WA. 
Lupin established well from May-June planting.  The dry winter reduced waterlogging which is often 
experienced on the Esperance sandplain and forced plant maturity along to flowering.  The plants then 
podded well both on the main stem and branches, yet grain size and weights were down off the 2003 
record crop.  Therefore yields ranged from 0.8-1.2 t/ha.  The area sown in 2004 to lupin in the 
Esperance shire was 14,000 ha – continuing a slow decline and 7,000 ha in the Ravensthorpe and 
Lakes district.  Only 8,000 tonnes were delivered to port from the Esperance shire and 3,000 tonnes 
from the Ravensthorpe and Lakes districts - 50% of anticipated production with increased retention of 
grain for livestock feeding and possible domestic sales. 
Faba bean area was approximately 3,000-5,000 ha in 2003.  There were very few disease issues and 
yields ranged widely from 1.2-2.0 t/ha.  An excellent Fiesta crop was seen at the annual PASE Field 
day in September, where over 100 SEPWA and PASE farmers had the opportunity to visit a site where 
beans were sown at 75 cm row spacing.  Inter-row spraying of weeds and row spraying of fungicides 
was very effective – producing the cleanest crop many had ever seen. 
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LUPIN AND PULSE PRODUCTION AGRONOMY 
AND GENETIC IMPROVEMENT 
Lupin 
Martin Harries, Department of Agriculture, Western Australia 
Lupin yield receival statistics are not presently available, although on information to date a Statewide 
yield of well over one tonne per hectare is anticipated. State production is forecast at 700,000 tonnes.  
Domestic demand for lupin in the Albany zone saw higher prices offered to deliver to Albany and 
Kwinana rather than Geraldton, encouraging crowers to deliver further south.  Cash price on 
25 January was $160.50 delivered Geraldton compared to $210.00 delivered Albany.  Unfortunately, 
as with other commodities, international demand was down and the Australian dollar high, translating 
to a pessimistic price outlook. 
Recently the major issues with lupin production have included weed control and anthracnose 
tolerance.  In 2004 major advances were made on both fronts with the release of Mandelup and the 
continued research into wide row cropping.  Demand for Mandelup has been unprecedented.  With 
over 500 tonnes of seed at release and many seed orders not able to be filled it is anticipated to 
rapidly become the dominant lupin variety throughout the State.  This will give growers the flexibility to 
confidently use metribuzin while also retaining a robust level of anthracnose tolerance.  
Row cropping of lupins has evolved as a real possibility with trials again showing lupins to be well 
adapted to row spacings of 50 cm or even wider in some environments.  A major effort is now aimed at 
developing agronomy advice specific to wide row cropping.  Trials have investigated agronomic 
aspects such as time of sowing, seeding rate, environmental effect, stubble retention, soil water 
usage, soil type and variety.  Despite this many questions remain unanswered; best fertiliser 
placement, value of the lupins to the following wheat crop, issues of soil erosion and the benefits that 
can be obtained from wide rows by incorporating novel weed control measures such as inter-row 
tillage, mowing or herbicide application.  Work will continue into row cropping of lupins throughout 
2005 in an effort to answer these questions. 
The development of lupin species other than angustifolius continued strongly in 2004.  Albus lupins 
(L. albus) with tolerance to anthracnose as good or better than Belara were widely tested for yield and 
disease tolerance.  It is anticipated that WALAB2000 will be suited for the medium rainfall zone due to 
the level of anthracnose resistance and the later maturity than Kiev Mutant.  Yellow lupin (Lupinus 
luteus) lines are being evaluated for release due to superior grain quality however, the aphid 
resistance of these lines is still less than ideal.  It is anticipated that it would be grown for a niche 
market due to the high value of grain.  Studies into Pearl lupin (Lupinus mutabilis) are also continuing 
in an effort to develop a commercially viable lupin with high oil content.  
 
Narrow-leafed lupin breeding 
Bevan Buirchell, Department of Agriculture, Western Australia 
The narrow-leafed lupin breeding program has been funded again by GRDC and the Department of 
Agriculture for another three years.  In 2004 the program planted and harvested 31,466 plots 
containing 12,583 entries.  At least 2,000 lines were screened for their resistance to anthracnose at 
the Medina disease nursery and over 1,500 lines were screened at Wongan Hills for their tolerance to 
the herbicide metribuzin.  Nearly 4,000 lines each year are sent to the Government Chemistry Centre 
of WA for testing seed for alkaloid and protein content.  Yield trials were conducted at Mullewa (both 
light and heavy country), Wongan Hills, Merredin and at the Northern Sandplain research Annexe, a 
new site east of Geraldton.  This new site is on deep Eradu sandplain and will be the principle lupin 
breeding site in the north for the next few years.  It replaces the site we used to have on Erregulla 
Springs near Mingenew.  In addition, the Medina Horticultural Research Station is used for screening 
resistance to anthracnose.  Screenhouses and glasshouses at South Perth are also used for early 
generation work as well as for other disease and quality screening purposes. So that varieties can be 
produced as fast as possible we also use the Manjimup Horticultural Research Station over summer to 
produce an extra generation per year.  Lupins are planted at Manjimup in October and November and 
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are ready to harvest in February to April in time for planting in the winter.  Part of the responsibilities 
for the program is also to supply advanced lines for testing in the eastern States. 
The breeding program is now using a molecular marker for anthracnose resistance to screen early 
generation lines and parental material so that the Tanjil type resistance to anthracnose can be 
integrated into all breeding material.  Last year the molecular laboratory headed by Dr Hua’an Yang, 
screened over 6,000 single plants with the anthracnose marker.  Those plants with the susceptible 
marker were removed from the breeding program thus ensuring that only resistant lines will continue 
into the yield testing stage.  Eventually this test will result in a reduction in the number of lines needing 
to be field tested in the Medina disease nursery.  A marker for phomopsis resistance has also been 
developed and is being used on a small scale.  In the very near future we will have access to markers 
for resistance to anthracnose, phomopsis and metribuzin tolerance and in the longer term markers for 
aphid resistance, some of the domestication genes and possibly resistance to CMV seed 
transmission.  The lupin breeding program in Western Australia has pioneered the development of 
molecular markers in lupins and leads the lupin world in this technology. 
In 2004 a new variety of lupin was released to the farming community across Australia.  Mandelup, 
formerly WALAN2141, is a high yielding, anthracnose, phomopsis and aphid resistant variety that 
should replace all current varieties across Western Australia except for Tanjil in the Lupin Zone 1 
where its anthracnose resistance is not high enough.  Forty tonnes of Mandelup was released to 
commercial partners and it is expected that approximately 600 tonnes should now be available to 
farmers for purchase.  The interest in this variety is great since most farmers have been impressed 
with its look and performance in CVT trials across the State. 
Currently we are considering the potential release of WALAN2173M as it has high protein levels and 
its yield is superior to Tanjil but less than Mandelup.  The line would be released to test the potential 
market for higher protein lupins.  The level of protein in WALAN2173M is such that dehulled, the 
protein content would fall within a range that is required by aquaculture industries and possibly by any 
company looking at processing lupins for protein concentrates and isolates.  If released this would be 
the first lupin variety differentiated on quality and it should be attractive to premium markets 
demanding higher protein.  All previous varieties were released solely on yield gains.  Other high 
performing lines in CVT and lupin breeding trials this year were WALAN2196, WALAN2231, 
WALAN2235 and WALAN2240. 
 
Yellow lupin breeding in Western Australia 
Kedar Adhikari, Mark Sweetingham and Bevan Buirchell, Department of Agriculture, Western Australia 
Yellow lupin (Lupinus luteus) is considered as an excellent feed ingredient for poultry, pigs and the 
aquaculture industry due to the grain having higher protein content (38-40%) and higher sulphur 
amino acid content than narrow-leafed lupins.  It is widely cultivated on acid sandy soils in northern 
Europe where it has been bred by regional programs in Germany, Poland, Belarus, Russia and 
Ukraine.  Cultivars from the Polish and Ukrainian programs were evaluated in the WA in the early 
1990s.  They proved very resistant to Pleiochaeta root rot and brown spot, along with tolerance to 
aluminium toxicity and a highly efficient phosphorus uptake mechanism.  This explained their good 
performance on the 'wodjil' soils of the eastern wheatbelt where narrow-leafed lupin is less well 
adapted.  These results encouraged further research and a low alkaloid line was reselected from the 
Polish cv. Teo and released as cv. Wodjil in 1997.  However, Wodjil proved unpopular with growers 
due to its extreme susceptibility to aphids.  Yellow lupins grow well on better quality sandplain soils but 
the current varieties have uncompetitive yield compared to narrow-leaf lupins. 
It is clear that considerable breeding and selection effort will be required to develop yellow lupins into a 
successful crop for Western Australia.  Breeding priorities are to improve yield and increase resistance 
to aphids and anthracnose.  CMV resistance is available in the form of a single dominant gene, which 
will be maintained in the program.  Maintaining or increasing grain protein is also important.   
Aphid resistance 
Tolerance/resistance to aphids in yellow lupins is related to the alkaloid content.  Decrease in total 
alkaloid level below 0.02% has resulted in susceptibility to aphids.  Gramine, a specific alkaloid found 
in yellow lupin appears to impart deterrence to aphid feeding.  Wodjil and much of the advanced 
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breeding lines in the program do not have gramine, which is a likely explanation as to their aphid 
susceptibility.  To test this hypothesis, many crosses have been made with high gramine parents and 
their progenies will be evaluated for aphid tolerance and gramine content.  Other approaches to 
achieve resistance include considering slightly higher total alkaloid level (up to 0.04%) and looking for 
an alternative ‘sweet’ gene that may produce an alkaloid profile more deterrent to aphids at the 0.02% 
level.  
Creation of a wide range of germplasm and screening them against aphids to find the resistance has 
been initiated.  Procedures to screen aphids are being improved as natural field infestations do not 
always result in the sufficient damage to get reliable results.   
Detection of anthracnose resistance  
Until recently no good sources of anthracnose resistance in yellow lupin had been identified.  In 2004 
a moderate level of resistance was been detected in breeding lines derived from crosses involving a 
Hungarian parent (cv. Gyulatanyai) in our anthracnose nursery at Medina Research Station.  This level 
of resistance is believed to be good enough to grow yellow lupins in low to medium rainfall areas.  
Another source of resistance has also been found in recently introduced germplasm from the Russian 
Lupin Research Institute, Bryansk, Russia.  Also some resistance was detected in a Portuguese 
landrace, P28716, introduced from the USDA. There are several crosses made with this line that are 
at F3-F5 stage now and we hope to get good resistance in these progeny. 
Phomopsis can be another main disease in yellow lupins.  This is important to know that the pathotype 
of fungus Diaportha toxica that causes phomopsis in narrow-leafed lupin does not infect yellow lupin.  
Phomopsis in yellow lupins is caused by pathotype L, which is not yet prevalent in wheat belt.  All the 
current breeding lines are susceptible to the pathotype L of phomopsis and the search for the source 
of resistance is in progress.  One hundred lines from diverse origin are being screened against this 
pathotype and early indications are that there is a narrow range of variation. 
Yield potential 
The eastern and northern wheat belt of WA experiences terminal drought and early flowering is 
essential so that seed filling can occur before the plant is droughted.  We have identified lines in the 
breeding program which are at least two weeks earlier than the current variety Wodjil and at least one 
week earlier than the earliest variety Belara in narrow-leafed lupin.  The incorporation of early 
flowering trait into a wide range of backgrounds has been initiated.  The combination of early flowering 
and high biomass production should increase yield potential.  
Pod setting in yellow lupins is generally good.  Although they produce first order branches, the pods 
are generally borne on the main stem in our moisture limited environment.  To increase yield extra 
pods must be produced in at least some of the first order branches.  Indeterminate growth habit as 
seen in narrow-leafed lupins can utilise the moisture from late rain received later in the season and 
produce pods on first and second order branches.  In a bid to find indeterminate growth habit in yellow 
lupins more than 100 wild and domesticated germplasm from diverse origin was characterised for 
phenological development and yield components.  All lines appear to show a  more determinate 
growth habit than narrow-leafed lupin.  However, it was observed that most wild types had a high 
degree of basal branching and they always produced pods at a harvestable height.  This trait has a 
potential to produce higher number of pods and it will be evaluated further. 
Seed size and protein content 
Yellow lupin has smaller seed size compared to narrow-leafed lupin, but there is a genetic variation 
ranging about 70 mg to 160 mg per seed.  Larger seed size can lead to higher yield.  In order to find 
out whether larger seed affects protein content, 54 lines in Stage 2 trials were tested for seed size and 
protein level.  The results indicate that seed size was positively correlated with protein level suggesting 
these traits can be selected simultaneously (Figure 1).   
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Figure 1. Relationship of seed size (100 seed weight) with protein content in yellow lupins. 
WALAB2000 – First anthracnose resistant albus lupin 
Kedar Adhikari, Bevan Buirchell, Mark Sweetingham and Geoff Thomas, Department of Agriculture, 
Western Australia 
WALAB2000 has a significantly higher level of resistance to anthracnose than the current variety Kiev 
Mutant and can be grown in the medium to low rainfall area of the Northern Wheatbelt (east of a line 
from Nabawa to Mingenew to Carnamah) with an anthracnose management package.  WALAB2000 is 
derived from a cross between a susceptible breeding line (89B104A-14) and an Ethiopian anthracnose 
resistant land race P27175.  Its development has been fast tracked in conjunction with the Council of 
Grain Grower Organisations (COGGO) and GRDC.  It is anticipated that WALAB2000 will be released 
in 2005, with first commercial production in 2006. 
Breeding and seed increase 
Following the outbreak of anthracnose in 1996, the only commercial variety Kiev Mutant proved to be 
very susceptible to the disease and the albus industry was virtually wiped out.  In an effort to find 
resistance, an extensive selection of albus lupin germplasm was screened against the disease in an 
anthracnose nursery in New Zealand during the summer of 1996/97.  A few landraces were identified 
with a good level of resistance and these lines were further tested at South Perth.  The best resistant 
lines were crossed with agronomically superior, but anthracnose susceptible lines and their progenies 
advanced.  F5 progenies were tested against anthracnose in glasshouse and the resistant plants were 
allowed to produce seed.  Their seed was further multiplied in the next season to get enough seed for 
testing in the field. In 2002 they were then tested under field conditions for anthracnose, yield and 
quality.  Unfortunately, many lines with good levels of resistance were late flowering and many early 
flowering lines were susceptible to anthracnose.  However, twenty lines with acceptable maturity and 
disease level were identified from these tests and these lines were multiplied over summer at 
Manjimup.  A further selection was made and only ten best lines were multiplied during winter 2003 
and further tests on disease and agronomic performance were carried out. WALAB2000 was one of 
these ten lines.  
Yield and agronomic characteristics 
The seed size, seed colour, protein content and alkaloid level of WALAB2000 are comparable to Kiev 
Mutant. It flowers about a week later than Kiev Mutant and it yields about 85% of Kiev Mutant.  Despite 
its lower yield, farmers with red loam soils in the medium to low rainfall areas will benefit from growing 
this variety, as Kiev Mutant is not a choice because of its extreme susceptibility to anthracnose.  
Based on limited observations WALAB2000 is similar to Kiev with respect to other lupin diseases, 
i.e immune to Cucumber Mosaic Virus, moderately susceptible to brown leaf spot and Bean Yellow 
Mosaic Virus.  It is marginally better than Kiev Mutant for Pleiochaeta root rot resistance.  
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Area of adaptation 
WALAB2000 has a significantly better resistance to anthracnose than Kiev mutant.  It is important to 
emphasise that this new variety will be targeted at the medium to low rainfall areas of the northern 
wheatbelt east of a line from Nabawa to Mingenew to Carnamah where anthracnose risk is moderate 
to low.  The level of resistance is insufficient to allow WALAB2000 to be grown in the wetter coastal 
locations or in the Chapman Valley.  Blue lupins prevalent in these areas serve as reservoirs of 
inoculum and can cause significant yield loss in this variety.  This variety also shows potential for other 
areas outside the northern wheatbelt, for example, the Central Wheatbelt and the Great Southern 
where blue lupin is not a common weed.  It is important to remember that even though anthracnose 
still poses a disease threat in this line, it is a manageable threat. 
Commercialisation 
COGGO has invested in albus lupin breeding in order to ensure that resistant lines are developed and 
released for the benefit of WA grain growers.  COGGO holds sole rights to commercialise the variety 
outside Western Australia and COGGO’s Contributing Members have the right to participate in 
commercialisation of the variety in WA.  COGGO has more than ten tonnes of Basic Seed that will be 
available to specific seed growers for multiplication in 2005. Seed for commercial production will be 
available to growers in 2006. 
Assessment of yield loss due to anthracnose 
Yield loss estimates in advanced lines were carried out at Woorree, just east of Geraldton.  This site is 
in a high rainfall area with a high risk of anthracnose.  Three albus lines including WALAB2000 and 
three narrow-leafed lupin varieties were tested.  The trial was laid out in a split plot design, the main 
plots were disease levels (sprayed and unsprayed) and the subplots were six varieties.  
In the unsprayed block, anthracnose infection was introduced three weeks after sowing as infected 
transplants.  The level of infection introduced was equivalent to 0.25% seed infection (a level expected 
to cause 75-100% yield loss in Kiev Mutant in this high rainfall environment).  Kiev Mutant was not 
included in the trial due to the potential for massive inoculum build-up, which would have adversely 
affected the other plots, however a fungicide protected block of Kiev Mutant was grown in the same 
paddock (about 50 m away) to provide a comparative uninfected yield.  In the nil infection treatment, 
Bravo (1.5 L/ha) was sprayed every three weeks after emergence to prevent any infection and no 
disease was apparent in the block.  
Weather conditions favoured anthracnose development (May-October rainfall ~350 mm) and the 
inoculum level (~0.25% seed infection) was high.  The development of anthracnose and infection on 
stems and pods was evident in most plots.  The yield of all advanced lines was similar to Kiev Mutant 
in the absence of anthracnose (Table 2).  In the presence of anthracnose, they all suffered and the 
yield was reduced to 1.5-2.1 t/ha.  However, they were still able to provide satisfactory yield under high 
anthracnose pressure, indicating a substantially improved level of resistance over Kiev Mutant.  This 
level of seed infection has been shown to cause 75-100% yield loss in Kiev Mutant in previous trials.  
WALAB2008 has better resistance and suffered less yield loss.  Both Tanjil and Mandelup had lower 
infection and higher yields than the albus lupin lines. 
Table 2. Effect of anthracnose infection on yield of albus and narrow leafed lupins at Woorree in 2004 
Yield (t/ha) 
Variety 
Sprayed Infected # 
Yield loss
(%) 
WALAB2000 2.63 1.63 38 
WALAB2006 2.45 1.53 38 
WALAB2008 2.63 2.08 21 
Belara 3.48 3.00 13 
Mandelup 3.50 3.18 9 
Tanjil 3.45 3.35 3 
Kiev Mutant 2.30*   
LSD (all interactions) 0.42  
# Transplants to represent ~0.25% infected seed. 
* Was planted about 50 m away from other trial plots. 
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CVT results 
Five advanced albus lines were tested for the first time in CVT.  The trials at Mullewa and Morawa 
were badly affected by drought and the results from other sites are presented in Table 3.  All test lines 
matured later and yielded less than Kiev Mutant. WALAB2000 yielded approximately 85% of Kiev 
Mutant.  WALAB2008 has the best anthracnose resistance among test lines, but it is the latest in 
maturity.  It yielded almost as much as Kiev Mutant in a high rainfall site at Deepdale and suffered the 
least yield loss at Woorree (Table 2).  Because of its greater resistance to anthracnose, WALAB2008 
has the potential to be grown in higher rainfall areas, but further evaluation for anthracnose is needed. 
Its smaller seed size (about 250 mg as compared to > 300 mg in Kiev Mutant) needs to be considered. 
Table 3. Grain yield of various albus lines tested in CVT during 2004 
 Yandanooka Deepdale Avondale 
Entry name kg/ha % Kiev Mutant kg/ha % Kiev Mutant kg/ha % Kiev Mutant 
Kiev Mutant 1615 100 2419 100 1155 100 
WALAB2000 1482 92* 2134 88* 893 77 
WALAB2001 1471 91* 2268 94 1155 100 
WALAB2006 1451 90* 2065 85* 1046 91 
WALAB2007 1440 89* 2280 94 1198 104 
WALAB2008 1482 92* 2268 94 707 61* 
Belara 1564 97 2791 115* 1264 109 
Kalya 1574 97 2778 115* 784 68* 
Tanjil 1502 93* 2768 114* 1351 117 
* Significantly different from Kiev Mutant at P = 0.05. 
Screening of advanced lines for anthracnose 
Ninety lines along with controls were screened against anthracnose in a disease nursery at Medina 
under high disease pressure.  Susceptible lines, such as Kiev Mutant were completely wiped out by 
the disease.  Nearly 50% of lines were highly susceptible to the disease (Figure 2), 25 lines were 
intermediate and 12 lines had a high level of resistance (6 or more in 1 to 9 scale where 1 is extremely 
susceptible and 9 is immune).  The lines with a high level of resistance are late in maturity and inferior 
in other agronomical traits.  Further work to incorporate the high level of disease resistance in the 
agronomically suitable background is in progress.  A few lines, such as 98B001-5-6-1, 98B001-7-3-1, 
98B001-5-5 with a high level of anthracnose resistance in the domesticated background are now 
being used as donors of resistance in the breeding program.  This will avoid the long process of 





























Figure 2. The level of anthracnose resistance of various albus lines at Medina disease nursery in 2004. 
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Improved lupin grain quality and yield through genetic manipulation of key 
physiological traits 
Jon Clements1 and Bevan Buirchell2 
1CLIMA, The University of Western Australia  
2Department of Agriculture, Western Australia 
A breeding objective of the Lupin Breeding Program at the Department of Agriculture in Western 
Australia is to produce cultivars with a higher percentage of kernel relative to seed coat since the 
kernel is the higher protein and therefore higher value part of the seed.  Narrow leafed (Lupinus 
angustifolius) lupin have a very thick seed coat (24% of whole seed weight) relative to other legumes 
and this project has been identifying sources of lower seed coat proportion from germplasm (wild and 
semi-domesticated) and mutant populations.  Screening procedures have resulted in the selection of 
wild and mutant genotypes with seed coat proportions of 18%.  Crosses among these lines and with 
current cultivars or advanced breeding lines have generated progeny with further reductions that will 
be provided for inclusion in the breeding program and final lines will be analysed for seed quality.  
Lowering seed coat could also improve the dehulling efficiency, a process that is expensive for lupin 
grain.  Additionally, pod wall proportion in narrow-leafed lupin is being lowered through selection and 
crossing of wild genotypes with 26% pod wall proportion of whole pod weight (compared to 32% in 
current cultivars).  Reducing pod wall proportion will contribute to higher harvest index and potentially 
higher yields. 
Another objective of the project is to identify new low alkaloid genes in narrow-leafed lupin.  The 
current breeding program relies on one gene (iucundus) for the low levels of these anti-nutritional 
compounds in lupin seed.  There has been some evidence that this gene reduces the yield potential of 
lines carrying it and the use of new low alkaloid genes could raise yield potential.  From a large 
mutation population, 18 low alkaloid lines have been selected and these are being crossed with cv. 
Tanjil to determine if any of them carry a different gene to iucundus.  Foreign breeding programs may 
have produced alternative alkaloid genes and imported lines are also being evaluated to determine if 
they have unique genes. 
A final objective of the project is to identify better non-shattering lines in yellow lupin (L. luteus).  A 
single gene for reduced shattering (invulnerabilis) from European breeding programs does not give 
this crop adequate non-shattering for hot end of season harvest conditions.  The project is attempting 
to select mutant genotypes from large mutated populations of cv. Wodjil and also among breeding 
lines from the germplasm collection at the DAWA. 
 
Lupin alkaloids in four Australian lupin species 
Shao Fang Wang, Chemistry Centre (WA), CLIMA, The University of Western Australia 
The breeding of lupins suitable for the agricultural conditions of Western Australia has resulted in this 
crop gaining considerable importance as a stockfeed for both local consumption and export.  Three 
species Lupinus angustifolius, L. luteus and L. albus are domesticated in Western Australia with 
L. angustifolius as the dominant crop.  Recently, L. mutabilis was introduced into Western Australia 
because of its high protein and oil contents.  Agronomic studies are being undertaken to develop new 
cultivars suitable to Australian environmental conditions. 
Plants of the genus Lupinus contain quinolizidine alkaloids, with typically four or five major alkaloids 
and several minor ones.  These alkaloids play a very important role in chemical defence against 
herbivores and attack by pests.  For example, alkaloid-poor varieties of lupins (sweet) were found to 
be preferred over the bitter wild forms by a number of insect species including aphids, beetles and 
thrips.  However, these alkaloids are also toxic to cattle and other domestic wild ranging animals.  
Therefore, knowledge of the alkaloids present in lupins is of importance.  
The aim of this work was to compare lupin alkaloid profiles between four Australian lupin species.  
This information will be useful to lupin plant breeders and researchers. 
Seeds were germinated for seven days, and lupin sprout was frozen at –20°C, then freeze dried.  
Seeds, leaves and sprouts were powdered and extracted with solvents to afford total alkaloids.  Total 
alkaloids were analysed using gas chromatography-mass spectrometry (GC-MS). 
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Lupanine is the major constituent in the three species of L. angustifolius, L. albus and L. mutabilis, 
except in leaves of L. angustifolius (Table 5).  For narrow leaf lupin, the per cent of 
13-hydroxylupanine and its esters in sprout and leaves greatly increase and they become the major 
metabolites.  Multiflorine was found in some varieties such as Tanjil.  L. albus contains lupanine, 
13-hydroxylupanine and its ester 13α-tigloxylupanine as major constituents. The alkaloids in leaves of 
L. albus are more diverse.  It is interesting to observe that ammodendrine is present in the leaves of 
L. albus at high concentration.  3-Hydroxylupanine and sparteine together with lupanine and 
13-hydroxylupanine are present in L. mutabilis as major metabolites.  3-Hydroxylupanine was 
observed in this species with high level. 
Table 5. Alkaloid profiles in L. angustifolius, L. albus and L. mutabilis (abundance) 
Alkaloids 
Species 
name Lup 13-OHlup 3-OHlup Spart 13α-Tiglup Ammod Mult 
Other 
ester 
L. angustifolius         
Seed 60 30  1   13  
Sprout 56 2.5 1.0 0.3 4.0  5.0 13 
Leaf 2.2 49    1.8 4.8 35 
L. albus         
Seed 18 9.1   20 2 0.5 12 
Sprout 15 11   23  5.6  
Leaf 44 5.6  5.6 4.5 20.5 4.9 0.6 
L. mutabilis         
Seed 24 10 13 13 2.4 0.1 0.3 2.4 
Sprout 38 14 16 5 4 0.1  7.2 
The alkaloid profiles of L. luteus (Table 6) vary between varieties and are also different from those in 
the other three species.  For variety Teo, gramine is the major constituent, followed by some gramine 
analogues.  In variety Wodjil, epilupinine is the major constituent, then sparteine.  The amount of 
gramine in leaves is much higher than that in the seeds of Wodjil.  In general, lupin seeds have a 
much higher alkaloid contents than sprout and leaves, and leaves have the lowest alkaloids.  
Table 6. Alkaloid profiles in L. luteus (abundance) 
  Epilupi Gramine Spart Lup Gram A  
L. luteus       
Wodjil Seed 72 0.5 9.6 6.6  
 Leaf 53 15 7.2   
Teo Seed 2.9 78 0.5 1.5 14 
 Leaf 0.3 85 1.6 trace 6.2 
Note: Lup: lupanine;  13OHlup: 13-OH lupanine;  Spart: sparteine;  Mult: multiflorine;  3OHLu: 3-OH lupanine;  
13αTiglu: 13α-tigloxylupanine;  Ammod: ammodendrine;  other ester: total 13-OH lupanine esters;  
Epilupi: epilupinine;  Gram A: total gramine analogues. 
 
Improving lupin tolerance to herbicides of metribuzin, isoxaflutole and 
carfentrazone-ethyl 
Ping Si1, Mark Sweetingham12, Bevan Buirchell12, David Bowran2 and Huaan Yang12 
1CLIMA, The University of Western Australia 
2Department of Agriculture, Western Australia 
Lupin growers need lupin with improved tolerance to herbicides for the management of weeds.  
Research was undertaken to improve tolerance to metribuzin, a registered herbicide in narrow leafed 
lupin, and to develop germplasm with tolerance to new chemistry herbicides of isoxaflutole and 
carfentrazone-ethyl, which are not registered in lupin yet. 
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Tolerance to metribuzin 
We characterised the responses of four lupin varieties to metribuzin (Figure 3).  All seedlings of 
Mandelup and Gungurru survived rates as high as 1600 g ai/ha whilst seedlings of Tanjil were all killed 
at 800 g ai/ha.  Danja, an older variety, is more susceptible to metribuzin than Tanjil.  These four 
represent the range of metribuzin tolerance among lupin varieties.  A reliable bioassay was developed 
to differentiate lupin varieties in tolerance to metribuzin under controlled temperature conditions.  
Ranking of tolerance between genotypes was consistent across controlled temperatures and winter 
environmental conditions (Si et al. 2005).  The lupin breeding program at Department of Agriculture 
WA adopted the method and have screened more than one thousand advanced breeding lines to 
ensure elite breeding lines have good tolerance. 
Preliminary results on a F2 population of a cross between the tolerant cv. Merrit and the susceptible 
cv Tanjil have shown that the inheritance of metribuzin tolerance is controlled by one gene.  
Inheritance is being confirmed in 200 F3 families of the same cross in 2004.  We are also investigating 
the inheritance of tolerance in crosses between cvs Mandelup and Tanjil, Mandelup and Danja, and 
between the tolerant Gungurru and Mandelup.  We may have increased tolerance to metribuzin from 
crossing the two tolerant varieties.  Preliminary work has shown that inheritance of tolerance in 
Mandelup over Tanjil may be different from it over Danja.  We completed phenotyping F6 families of a 
cross between tolerant (75A:258) and susceptible (Unicrop) genotypes in 2004.  The result is being 
used to develop molecular markers for metribuzin tolerance. 
Tolerance to isoxaflutole and carfentrazone-ethyl 
Germplasm developed through mutation with tolerance to isoxaflutole (Balance®) and carfentrazone-
ethyl (Affinity®) + Bounty® mix would be of great value to the lupin industry for the control of herbicide 
resistant wild radish.  Mutation was induced in large quantity of cvs Tanjil and Mandelup seeds using 
Ethyl Methane Sulphonate (EMS).  Mutant populations consisting of over hundreds of thousands of 
plants were screened for tolerance to isoxaflutole or carfentrazone-ethyl in the field using rates much 
higher than recommended rates.  Tolerant M2 plants were harvested individually.  The tolerant M3 
mutants were retested under glasshouse condition in 2004 and re-selected again for better tolerance 
than original parents.  In fact, a couple of mutant lines showed as good tolerance to isoxaflutole as 
chickpea in the seedling stage.  Isoxaflutole is registered for use in chickpea.  The mutants most tolerant 
to Balance or Affinity + Bounty mix were sown in November 2004 at Manjimup for seed increase over 
summer.  It is expected that the most tolerant mutants will be utilised by the lupin breeding program to 
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Figure 3. Dose responses of lupin varieties of Tanjil (○), Danja (∆) and Gungurru (●), Mandelup (▲) to 
metribuzin sprayed at 4 leaf stage with plants grown at a 20/12°C (day/night) phytotron:  a) per 
cent survival; b) shoot dry weight (% of control) excluding dead plants.  Bars represent the 
standard error. 
 
Combining cultural and shielded sprayer herbicide application for weed 
management 
Martin Harries and Mike Baker Department of Agriculture, Western Australia 
With increasing constraints to the efficacy of traditional lupin herbicides innovative solutions to weed 
management are required.  The issues at hand include increasing frequency of herbicide resistance, 
Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
20 
variable efficacy/safety of triazines depending on soil moisture and poor crop tolerance of post 
emergent herbicides.  These issues are being addressed through a number of methods; testing of 
novel herbicides, development of better tolerance to herbicides in newly released lupin varieties and 
investigating novel methods of weed management such as shielded spray application. 
The aims of the trial was to test a newly developed research shielded sprayer and determine if 
shielded spray technology and a cultural method of promoting early weed germination could be 
utilised effectively in tandem.  This was done by stimulating the weed seed bank with a treatment at 
seeding, rolling, harrowing or leaving a tyne down between seeding tynes.  The shielded sprayer was 
then used between the 50 cm rows of crop to control stimulated weed seedlings with non-selective 
herbicide. 
This method of weed seed bank stimulation with a pre-sowing tillage, autumn tickle, has traditionally 
been employed in southern regions to promote a flush of ryegrass, and in some cases radish, 
germination.  This stimulation of weed seeds decreases weed seed banks and the reliance on 
selective post-emergent herbicides.  In northern areas yield loss from delayed sowing is often high and 
autumn tickling is not widely utilised.  By using shielded sprayers these traditional methods of early 
weed seed stimulation and knockdown may be able to be used successfully in the north without 
delaying sowing. 
The trial was seeded as a randomised complete block.  Four tillage treatments (undisturbed inter-row, 
harrowed at seeding, rolled after seeding and tilling the inter-row with a knife point tyne) were 
combined factorially with three times of seeding.  Times of seeding were dry sown 6 May, sown on 
break 10 May and delayed sowing with double knockdown 27 May.  The first two times of sowing 
utilised the shielded sprayer while the third time of sowing relied on delayed sowing and double 
knockdown. 
Yields of over 2 t/ha were achieved with minimal use of selective broadleaf herbicide (Table 6).  The 
shielded spray application worked well to control high numbers of radish post crop emergence and 
could be used in order to sow lupins dry and maintain reliable weed control.  The alternative to using a 
shielded sprayer with non-selective herbicides post emergent is to delay sowing for a double knock 
down.  In this trial the delayed sowing of time of sowing three did not result in yield loss however, 
many previous have recorded yield losses from sowing after the second week in May. 
The trial demonstrated that shielded pesticide application is a tool that could be used to maintain the 
dry sowing regime of lupins without compromising weed control.  With more experience better 
herbicide mixtures and application timings could be achieved. 
Table 6. Establishment (plants/m2), dry weight (g/m2) and yield (t/ha) 
TOS Tillage Establishment Dry weight 30/9 Yield Yield average tillage 
Yield average 
TOS 
1 harrows 49.7 1111.0 2.34 2.51  
1 roll 56.2 1011.5 2.68 2.54  
1 tynes 25 cm 56.6 1001.0 2.32 2.45  
1 tynes 50 cm 55.2 983.8 2.30 2.48 2.41 
2 harrows 51.5 1014.8 2.84   
2 Roll 58.8 912.5 2.51   
2 tynes 25 cm 52.3 922.0 2.71   
2 tynes 50 cm 56.7 1041.0 2.26  2.58 
3 harrows 47.7 858.8 2.34   
3 Roll 42.6 897.8 2.42   
3 tynes 25 cm 40.1 774.3 2.46   
3 tynes 50 cm 45.0 1048.0 2.90  2.53 
LSD TOS HS 4.98 NS NS NS  
LSD tillage NS NS NS  NS 
LSD TOS*tillage      
CV% 13.5 15.3 16.2   
* Time of sowing. 
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Field testing of lupin seed of various sources with and without post maturity, 
pre harvest rain for field establishment 
Martin Harries, Wayne Parker, Mike Baker, Department of Agriculture, Western Australia 
Anecdotal evidence from growers suggests that rain on developed grain prior to harvest can reduce 
lupin seed quality and establishment.  If growers are to be sure that they have good quality seed, 
research is needed to support or disprove the theory that late rains on crops will reduce seed quality.  
If harvest rains cause premature ageing of lupin seed, premature mobilisation of seed reserves, the 
impact of this damage needs to be quantified. 
Seed was collected from farms that had harvest rain in 2002 and tested against seed without exposure 
to harvest rain in 2003.  Fifteen seed lots were sown at Mullewa Research Annex into a red loam 
pH 5.0.  Treatments were sown in three replicates of randomised complete blocks.  Field 
establishment was measured (Table 7). 
Various tests were undertaken to estimate field establishment and characterise the seed lots in an 
attempt to determine if a higher correlation to field establishment could be obtained than is currently 
available through laboratory seed testing.  Germination tests undertaken included; Department of 
Agriculture seed laboratory germination, germination in pots with soil and germination in cool room at 
five degrees centigrade.  Electrical conductivity (EC) of seed soaked in distilled water for twenty four 
hours was measured.  This test is used to determine the integrity of the cell membranes.  In theory the 
higher the concentration of electrolytes, measured as EC, of the solution after soaking the seed the 
poorer the integrity of the cell membranes indicating aged or damaged seed.  Seeding root and shoot 
weights were also measured. 
The two tests that best predicted field emergence were the Department of Agriculture seed laboratory 
germination test and the germination in soil/pots (Table 7, Figures 4 and 5).  The seed laboratory 
germination test over estimated the field establishment on average by sixteen per cent.  When the 
seed was sown into pots with soil the over estimation of field establishment averaged at eighteen per 
cent.  
The major points to take from the trial are that no seed test perfectly determines field establishment 
and variation from a germination test to field emergence should be expected.  Growers should have 
seed germination tested by a registered laboratory.  Growers can also sow seeds themselves in a 
vegetable patch or pot type trial as a reasonable method of predicting field establishment.  
With the small number of rain affected samples used no relationship between the field establishment 
and rainfall received by the crop was able to be determined.  The advice remains to harvest seed 
crops as early as possible to avoid harvest rains and seed at the recommended seed rate of 
100 kg/ha, 110 kg/ha if dry sown.  This gives some leeway in case field establishment is lower than 
anticipated. 
Table 7. Correlations of various germination and seedling tests to field establishment 
Seed with rainfall 

















Kalya 74 84 92 97 0.076 1935.5 
Wonga 74 92 * 87 0.068 1514.5 
Kalya 71 92 88 95 0.076 1552.0 
Kalya 30 mm 59 78 60 84 0.083 1888.5 
Belara 30 mm 71 86 80 93 0.079 1419.5 
Tanjil 30 mm 72 93 90 99 0.069 1657.0 
Belara 50 mm 78 94 84 95 0.075 1102.5 
Kalya 50 mm 81 79 78 92 0.074 1359.5 
Belara 67 85 58 76 0.066 1290.5 
Tanjil 74 92 80 96 0.075 1269.5 
Wongan Hills Belara 64 82 82 83 0.069 1039.0 
Wongan Hills Mandelup 84 96 * 93 0.083 1151.5 
Wongan Hills Qulilinock 63 75 * 76 0.066 1151.5 
Wongan Kalya 63 76 68 88 * 2017.5 
Wongan Tanjil 59 84 70 81 0.070 1425.5 
Correlations to field 
establishment 1.00 0.64 0.55 0.67 0.32 -0.28 
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Figure 4.  Plant laboratory germination test vs. field establishment. 
Figure 5. Pot test establishment vs. field establishment. 
 
Lupin seed rate by wide row spacing 
Martin Harries, Bob French, Damien Owen D’arcy, Department of Agriculture, Western Australia 
Over the past few years many trials have been conducted to examine the potential for use of wide 
rows, 50 cm or wider, in lupin.  These trials have been very promising, particularly in northern areas, 
where most of the State’s lupins are produced.  Growers are now asking more questions relating to 
wide row lupin cropping and this trial aimed to provide information on the most effective seed rates at 
wide row spacings. 
The treatments used included three row spacings (25 cm, 50 cm and 100 cm) factorially with three 
seeding rates (50 kg/ha, 100 kg/ha and 150 kg/ha).  Six replicates were sown in randomised bocks.  
Plots were four metres wide, sown with a double run of a cone seeder.  Edge rows were not used for 
measurements and were not harvested.  The trial was seeded dry on 3 May at Mullewa Research 
Annex into a red sandy loam.  Germinating rains fell in the following week.  Measurements taken 
included establishment, dry matter cuts, plant height, grain yield component analysis, harvest height, 
grain protein percentage and yields.  These are discussed below. 
The trial established well with a range of plant densities from twenty six to ninety six plants per square 
metre obtained.  Plant density increased significantly with increased seeding rate as expected.  The 
wide row treatment of 100 cm had lower plant establishment than the 25 cm or 50 cm treatments at 
each seeding rate, however a good range of densities was achieved (Table 8). 
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On 7 July replicated quadrate samples were taken from each plot to assess a range of variables 
including dry matter, per cent of flowering plants and plant height (Table 8).  Seeding rate had a 
significant effect on per cent of plants flowering with seeding rate inversely proportional to flowering 
per cent. In the higher density situations the increased total number of plants resulted in a higher 
actual number of flowering plants despite the reduced flowering per cent.  Dry matter production on 
20 July was significantly affected by seeding rate with seed rate proportional to dry weight.  At this 
time when row spacing was averaged across the seeding rates the 25 cm and 50 cm row spacings 
had similar dry matter production whilst the 100 cm plots had significantly lower biomass than these 
two spacings.  Plant height was also measured on both flowering and non-flowering plants.  Row 
spacing had a significantly significant effect with the plants being taller as row spacing increased.  
Plant height was less responsive to alterations in seeding rate.  
Main stem pod height was measured prior to harvest and as in the flowering height measurements 
taken earlier each row spacing was significantly different to each other with pods being higher from the 
ground in wider rows.  The actual increase averaged across all seeding rates from 25 cm to 100 cm 
was 5.23 cm (Figure 7).  This would offer a major advantage at harvest in low rainfall zones where a 
high proportion of yield is contained on the main stem pod and pod height can be restricted by season 
length and terminal drought.  Pod height did not respond to seeding rate. 
Plants were sampled when dried down and ready to harvest for grain yield components (Table 9).  
Harvest index increased as row spacings increased indicating a greater proportion of grain compared 
to biomass as row spacing increased.  This was despite the fact that as row spacing increased plant 
weight increased.  The data indicates that the wide row plants produced more pods per stem 
particularly on the primary laterals and more seed per pod.  Seed weight was not affected in this trial 
by row spacing.  Seeding rate had some significant effects on pod and seed numbers.  Lower seeding 
rates produced more pods per stem and more seed per pod.  Despite this the 50 kg/ha treatment had 
a significantly lower harvest index than the 100 kg/ha and 150 kg/ha seeding rates.  Seed weight was 
not affected by seeding rate. 
Protein was reduced by approximately one per cent at the 100 cm spacing compared to the 25 cm and 
50 cm treatments.  Protein tended to increase as seeding rates increased however this was not at a 
statistically significant level. 
Row spacing had a significant effect on yield.  Spacings yielded significantly differently from each 
other with 25 cm plots yielded the lowest, and 100 cm plots the highest (Table 9). 
Seeding rate of 50 kg/ha or 100 kg/ha resulted in the highest yield of approximately 1.1 t/ha with no 
significant differences between these treatments.  Yield declined significantly at the 150 kg/ha rate, 
averaged across the three row spacings however, at the widest spacing of 100 cm yields did not 
decline at this seed rate (Table 9). 
Table 8. Establishment (plants/m2), flowering %, plant height (cm), dry weight (g/m2) and final main 



















25 50 35.4 79.6 42.6 31.5 148.9 36.7 
25 100 64.6 76.8 42.5 32.2 198.5 38.3 
25 150 90.9 69.4 42.2 32.4 207.6 36.0 
50 50 41.1 80.4 45.7 33.5 155.1 38.9 
50 100 67.7 71.6 43.3 36.5 191.3 39.0 
50 150 96.5 63.1 44.4 34.5 212.5 40.3 
100 50 26.6 86.1 44.8 31.8 102.6 40.1 
100 100 43.2 75.2 47.2 43.4 120.4 42.3 
100 150 61.1 62.9 48.6 38.3 148.0 44.2 
LSD row *hs 4.6 =ns hs 1.3 hs 2.7 hs 11.9 hs 1.60 
LSD rate hs 4.6 hs 3.3 ns +s 2.7 hs 11.9 ns 
LSD interaction s 7.9 ns ns s 4.7 ns ns 
CV% 11.6 6.7 4.4 11.4 10.7 6 
hs, p < 0.001, +s p < 0.05, =ns not significant. 
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Table 9. Yield (kg/ha) 
Seeding rate (kg/ha) 
Row spacing (cm) 
50 100 150 
Average yield Grand mean 
25 1025 1017 902 981  
50 1214 1119 918 1083  
100 1201 1339 1295 1278  
Average yield (kg/ha) 1146.7 1158 1038.3  1114.4 
LSD row (P < 0.05) 56.5 
LSD rate (P < 0.05) 56.5 
LSD interaction (P < 0.05) 97.8 
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Figure 7. Final height of main stem lowest pod. 
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Table 10. Plant dry weight (g/m2), average plant weight (g), harvest index, grain protein %, stem dry weight (g) pods/stem, seed/pod, seed/stem, 
seed weight (g) 






































25 50 487.0 8.59 0.1865 33.850 5.3 3.23 3.650 11.8 0.173 2.7 1.92 3.097 6.28 0.134 
25 100 399.0 5.79 0.2957 34.496 4.9 3.25 3.543 11.6 0.167 1.8 1.30 2.846 4.07 0.143 
25 150 381.0 3.70 0.2543 34.050 4.1 2.77 3.171 9.0 0.162 1.1 0.80 2.375 2.35 0.148 
50 50 441.0 9.37 0.2407 33.700 6.4 4.32 3.765 16.3 0.168 2.8 2.45 3.054 7.93 0.145 
50 100 430.0 5.45 0.2826 33.683 4.9 3.55 3.522 12.5 0.164 1.4 1.43 3.003 4.28 0.165 
50 150 392.0 3.57 0.3039 34.383 3.3 2.36 2.957 7.3 0.164 0.7 0.59 2.654 1.76 0.245 
100 50 455.0 17.18 0.2647 33.067 9.7 6.15 4.003 24.5 0.169 4.8 4.60 3.460 16.02 0.149 
100 100 406.0 10.43 0.3167 32.717 7.6 4.62 3.885 18.0 0.169 2.9 3.33 3.431 11.43 0.150 
100 150 405.0 5.96 0.3171 33.117 5.1 3.42 3.680 12.6 0.172 2.2 1.48 2.961 4.77 0.138 
Averages               
25 cm 422.0 6.02 0.2455 34.132 4.8 3.08 3.455 10.8 0.167 1.9 1.34 2.773 4.23 0.206 
50 cm 421.0 6.13 0.2757 33.922 4.8 3.41 3.415 12.0 0.165 1.6 1.49 2.904 4.66 0.185 
100 cm 422.0 11.19 0.2995 32.967 7.5 4.73 3.856 18.4 0.170 3.3 3.14 3.284 10.74 0.146 
50 kg/ha 461.0 11.71 0.2307 33.539 7.1 4.57 3.806 17.5 0.170 3.4 2.99 3.204 10.08 0.143 
100 kg/ha 412.0 7.22 0.2983 33.632 5.8 3.81 3.650 14.0 0.167 2.0 2.02 3.093 6.59 0.217 
150 kg/ha 393.0 4.41 0.2918 33.850 4.2 2.85 3.270 9.7 0.166 1.4 0.96 2.663 2.96 0.177 
LSD row ns 1.80 0.02097 0.3834 1.0 0.79 0.234 1.5 ns 0.9 0.728 0.416 2.66 ns 
LSD rate 54.6 1.80 0.02097 ns 1.0 0.79 0.234 1.5 ns 0.9 0.728 0.416 2.66 ns 
LSD interaction ns ns ns ns Ns Ns ns ns ns ns ns ns ns ns 
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Lupins in this environment of warm winter conditions have a high level of plasticity to row spacing.  
This provides the opportunity to investigate row-cropping methods to combat increasing problems with 
weed management and rising input costs.  
Very high seeding rates of 150 kg/ha reduced yield.  While the rates of 50 kg and 100 kg produced 
similar yields the actual plant counts at emergence indicate that the plant populations were higher than 
anticipated for the lower seeding rate in the 25 cm and 50 cm spacings.  It appears that the same 
advice that is given when growing lupins in 25 cm rows holds for other spacings.  Growers should 
seed at 100 kg/ha as there is no yield loss and it buffers the crop against poor establishment should 
conditions at seeding be less than ideal. 
Seeding at 100 kg/ha will not only buffer against poor establishment but it may provide increased 
competition to weeds.  Many trials have shown that crop competition is a very effective and cheap 
method of reducing weed vigour and seed production.  Wide row lupin agronomy relies on a range of 
non-selective means of weed control between rows, shielded spray booms, tillage and mowing 
however, weed control in the crop row can still be difficult to achieve.  One possible method of 
controlling the weeds in the row is to increase crop competition, by using high seeding rates. 
 
How environment influences row spacing response in lupins 
Bob French, Department of Agriculture, Western Australia 
A growing body of evidence has accumulated over the past five years that lupins can be grown in 
much wider rows without suffering a yield penalty than was previously believed.  This can bring 
considerable agronomic benefits in the form of better stubble handling, more flexible weed control, and 
also less yield variability in poor growing seasons.  Many lupins are now grown in rows 50 cm apart, 
and there is interest in even wider spacings.  The aim of the work described here is to understand why 
lupins respond to wide rows the way that they do, and to identify in which environments this practice 
will be most successful.  In particular, we have studied the utilisation of solar radiation and soil water 
for crop growth. 
Experiments comparing Tanjil lupins grown in 25, 50, 75 and 100 cm rows were conducted at 
Mullewa, Wongan Hills, Merredin and Meckering in 2004.  The trials at Mullewa, Wongan Hills and 
Merredin had also stubble retention treatments, and the trial at Meckering had two times of sowing.  
Details of other treatments are shown (Table 11).  
Table 11. Sowing details of lupin row spacing experiments in 2004 
Location Mullewa Wongan Hills Merredin Meckering 
Seed rate (kg/ha) 100 100 103 100 
Fertiliser 100 kg/ha 
superphos banded 
5 cm below seed 
85 kg/ha bigphos 
banded 5 cm below 
seed 
75 kg/ha double 
super banded 5 cm 
below seed 
90 kg/ha Pasture 
banded below seed 
(1st TOS) 
63 kg/ha MAP 
banded below seed 
(2nd TOS) 
Sowing date 3 May 19 May 25 May 19 May 
14 June 
In the Merredin trial, detailed measurements were made of crop interception of solar radiation using 
tube solarimeters, and extraction of soil water using neutron scattering.  This was related to crop 
growth. 
Data on crop establishment are shown (Table 12).  Plant densities were higher than expected at all 
sites except Meckering, but row spacing mostly had very little effect.  It has commonly been observed 
in the past that establishment is poorer in very wide rows as a result of intra-row competition, but this 
was not important in these experiments, except in the late sowing at Meckering.  It is also often 
believed that weaker lupin plants die before reaching maturity, but in these experiments density did not 
decline as the season progressed.  Therefore, the growth and yield effects reported here are not due 
to differences in crop establishment. 
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Table 12. Crop density (plants/m²) 6 weeks after sowing, at flowering and at maturity from four lupin row 
spacing experiments 
 Mullewa Wongan Hills Merredin Meckering early TOS 
Meckering 
late TOS 























  25 cm 66 72 73 76 67 70 66 69 50 47 42 35 
  50 cm 61 70 76 63 69 71 66 64 55 49 39 37 
  75 cm 70 75 64 65 67 66 60 65 50 59 29 32 
100 cm 62 66 62 62 71 68 61 60 50 49 30 24 
LSD (P = 0.05) 7.4 ns 5.7 ns ns ns ns ns 8.1 ns 8.1 ns 
At Mullewa and Merredin yield responded positively to increasing row spacing, particularly at Mullewa 
(Figure 8).  A flat response was observed at Wongan Hills, although 100 cm spacing produced a 
significantly lower yield than narrower spacings.  At Meckering yield declined sharply in spacings wider 
than 50 cm when sown early, or wider than 25 cm when sown late.  Yields were considerably higher at 
Meckering and lower at Merredin than at Mullewa or Wongan Hills. 
 
Figure 8. Effect of row spacing on lupin grain yield at four locations in Western Australia in 2004.  
Stubble treatments had no significant effect at Mullewa, Wongan Hills or Merredin, so data for 
these locations are means of stubble treatments.  Vertical bars represent LSD at P = 0.05.  For 
Mullewa and Merredin the LSD is smaller than the plotting symbol. 
Grain yield is the product of total dry matter production and harvest index (Figure 9).  Dry matter 
production was generally highest at the narrowest row spacing, although differences were not always 
significant.  However, harvest index increased at wider row spacings, except at Meckering, 
compensating at least partially for the lower dry matter production.   
Dry matter production is driven by the interception of solar radiation by the crop.  Crops grown in 
narrow rows cover more ground earlier in the growing season, intercept more radiation and therefore 
grow more quickly than crops in wide rows.  However, they will also deplete soil water faster so may 
cease growth earlier when they become stressed.  Cumulative radiation interception and its use for dry 
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matter production at Merredin (Figure 10) and cumulative crop water use, and its use for dry matter 
production, are shown for the same experiment (Figure 11).  Radiation interception was considerably 
greater in the narrower spacings.  In September the 100 cm spacing took 3 weeks longer to intercept 
the same total amount of radiation as the 25 cm spacing.  However, the wide spacings continued to 
use radiation for dry matter production at a high efficiency for longer, presumably because they were 
less water stressed.  Lupins in all spacings had a radiation use efficiency (RUE) of 0.98 g MJ-1 until 
they reached about 430 g m-2 dry matter, after which RUE declined (Figure 11).  This point was 
reached earlier in the wide spacings than in the narrow spacings. 
 
Figure 9. Effect of row spacing on lupin dry matter production (excluding leaf drop) at maturity and 
harvest index at four locations in Western Australia in 2004.  Stubble treatments had no 
significant effect at Mullewa, Wongan Hills or Merredin, so data for these locations are means 
of stubble treatments.  Vertical bars represent LSD at P = 0.05. 
Narrow spacings also used soil water faster early in the season than wide spacings.  As a 
consequence, on 28 September, when rapid pod filling was still to begin, lupins in 25 cm rows had 
already used 85% of their total water use, compared to 82% in 75 cm rows and 76% in 100 cm rows.  
The wider spaced lupins therefore had more soil water available during the critical grain filling phase, 
which accounts for their better harvest indices.  Overall, they may have used slightly less water than 
the 25 cm spacing.  Average water use efficiency (WUE) was very similar in all spacings, and over this 
winter-spring period was 36.0 kg ha-1 mm-1.  However, the lupins in 25 cm rows had a higher WUE 
early in the season, but it tailed off dramatically in October.  Lupins in the 100 cm spacing maintained 
close to the same WUE throughout the season.  
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Figure 10. Effect of row spacing on solar radiation capture and its utilisation for dry matter production 
by lupin crops at Merredin in 2004.  Radiation measurements began on 22 July 2004.  
Trendline shows the linear dependence of crop growth on radiation interception before total 
dry matter exceeds 430 g m-2. 
 
Figure 11. Effect of row spacing on cumulative water use and its utilisation for dry matter production by 
lupin crops at Merredin in 2004.  Water use measurements began on 23 July 2004. 
Growing lupins in wide rows affects crop growth in two ways. First it reduces the amount of solar 
radiation the crop intercepts and hence reduces crop growth rates.  Second, it also reduces the 
amount of soil water the crop uses, so may delay the onset of water deficit at the end of the season.  
This can result in crops in wide rows continuing to grow for longer than crops in narrow rows, and 
compensating for slower early growth, and also in more efficient grain filling.  Thus wide rows can 
produce better yields than narrow rows in low rainfall environments, but in better environments where 
water is not such a limiting factor, such as at Meckering, they can reduce yield.  However, 50 cm rows, 
which are wider than many growers have traditionally used, seem very robust, and will only result in 
yield reductions when the period of vegetative growth is curtailed, such as with very late sowing, as 
observed at Meckering in 2004. 
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The effect of wider row spacing on lupin architecture, growth and nutrient 
uptake dynamics 
Bill Bowden and Craig Scanlan, Department of Agriculture, Western Australia 
In the past few years, there has been a lot of field work on the effect of row spacing (particularly 
lupins) on grain yield in WA (Fosberry, French, Crabtree, Collins, Harries, Carlton, Riethmuller, etc.).  
In most of that work, the crops have been sown at the different spacings with constant amounts of 
seed and fertiliser per hectare.  Some seeding rate by spacing trials have been sown but usually the 
range of seeding rates has been minimal (normal plus and minus about 20%, e.g. for lupins with 
spacings from 25 to 100 cm, seeding rates in 2002 were put in at 80 and 100 kg/ha.  In 2003, we saw 
that high density of plants in the rows increased the rate of sideways exploration of crop roots into the 
inter-row.  The rate at which the crop plants move from seed nutrients to fertiliser nutrients (10% of 
total requirement) to soil nutrients (90% of total requirement) is also an important aspect of the 
nutrition of wide row spaced crops.  In understanding this dynamic we will get some answers to the 
questions:  “Do we change the fertiliser rates?” and “where do we best place the fertiliser?” when we 
move to wider row spacing for different species.  This work will also help us understand the residual 
value of fertiliser applied to wide row crops, for the following crops (however spaced) in the rotation. 
Moving to wider row spacings at constant seed and fertiliser rates/ha, increases in-row densities and 
fertiliser concentrations.  This can change both the tops and the root architecture, as well as the 
dynamics of the balance between in-row and inter-row, nutrient uptake and water use.  The 
implications of these dynamics for fertilising, row spacing and seeding rate management decisions 
were investigated.  
Randomised plot design with 3 replicated blocks, each with a factorial of plus/minus fertiliser (2) with a 
density/row spacing combination (4) which gives equal densities in the row as well as equal 
densities/ha (detail in tables of results). 
Sown:  Kalya lupins on 19 May.  Site prep:  Glyphosate @ 1 L/ha on 10 May, Spray.Seed® @ 1 L/ha 
on 19 May, Simazine® @ 2 L/ha on 19 May.  Fertilisers:  Pasture mix (PKSCa) @ 90 kg/ha on 19 May 
on (selected plots).  Post emergent herbicides:  Brodal @ 150 mL/ha on 24 June, Sertin @ 1 L/ha on 
5 July. 
As well as the measurements reported below, complete nutrient analyses were done on the tops at 
each time of sampling.  Grain size, protein and alkaloid levels will be measured on the samples from 
the terminal spike and first 2 branches to compare with grain from the other branching orders.  Parallel 
measurements were carried out on the analogous row spacing treatments on Bob French’s trials on 
time of sowing by row spacing by species (lupin, wheat and canola) at the same site. 
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At both row spacings, lupins at low densities in the row were shorter than lupins at high densities in the 
row, though weights per plant were similar.  At this early time of sampling, the biomass and nutrient 
per unit area, very much reflects the seeding rate. 
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The 75 cm treatments finish far better than the 25 cm spacings as indicated by the ratio of grain yield 
to peak biomass (‘HI’).  Positive biomass responses to fertiliser, all but disappear for grain yields at 
25 cm spacings.  They are marginal at the wider spacings. 














































































































At similar in-row densities and fertiliser levels, the yields were about 20% greater at narrow row 
spacings than at wide row spacings.  There was a small but inconsistent response to fertiliser.  The 
nature of the interaction of this with row spacing will depend on a more complete analysis of the yield 
and the nutrient uptake data. 
The higher harvest index (HI) at wide row spacings implies better water relations on these plots at the 
end of the season.  If all plots had had similar finishing conditions (e.g. more end of season rain or 
unlimited soil moisture storage), then the yields would have reflected the 30 September biomass 
figures, giving about twice the yield at narrow spacing compared with wide spacing.  There was a 
minor weed problem on these plots (as reflected in the 14 September ratings for weed biomass), and if 
we had used inter-row spraying, which is possible at the wider row spacings, then those plots may 
have yielded slightly better in this dry-finish, season. 
The lower the seeding rate, the lower was the lowest pod height.  However, at the 100 kg/ha, there 
was no difference in the lowest pod height.  At similar in-row densities, lowest pod height was 
consistently lower at wide spacing than at narrow spacing. 
The proportion of yield contributed from the top pods (early flowering – main spike and 1st two 
branches) was also measured for 20 plants/plot.  Higher seeding rates gave larger proportions in the 
top pods.  At the same seeding rate, there was a slightly higher proportion of yield in the top pods for 
the narrow row spacing compared with the wider spacing.  Established density rather than sowing rate 
is probably a better correlate for this property.  If subsequent analyses show quality differences 
between the top pods and the other branching orders, then changes in row spacing, seeding density 
and orientation, may become management options.  
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This is one of a long series of trials designed to investigate the consequences for yield and quality of 
moving to wider row spacings for different crops in different environments.  From the earlier work, 
some simple rules of thumb have been established.  This current work helps us understand why we 
got the results observed and will help us predict on which soils and in which seasons moving to wider 
row spacing will not lose yield and/or will reduce the risks of losing yield. 
The reported mean data will now be subject to a far more detailed set of statistical and other more 
integrative analysis. 
 
Fertiliser placement and application rate in wide rows 
Martin Harries, Damien Owen D’arcy, Department of Agriculture, Western Australia 
Extensive trials have determined that drilling more than 10 kg of phosphorous (110 kg/ha single super) 
with lupin seed can cause toxicity.  To keep fertiliser away from the seed and avoid toxicity in wide row 
situations fertiliser can be top-dressed or banded. Banding is particularly effective on soils with high 
phosphorous retention indices.  Examples include soils with free ironstone, or when the soil has more 
than 2% clay.  However, on sandplain soils, particularly those in the warmer northern agricultural are 
as banding has not consistently resulted in yield increases. 
The trial was a randomised block design with four replicates.  Treatments included three row spacings 
(25 cm, 50 cm, 75 cm); two diammonium phosphate rates (60 and 120 kg/ha); and two diammonium 
phosphate placements at seeding (banded below seed or top-dressed). The trial was seeded into 
yellow sandplain soil pH 4.1 on 19 May at the Northern Sandplain Research Annexe 40 km east of 
Geraldton.  
Plant population was lower than targeted from the 100 kg/ha seeding rate due to the non-wetting 
nature of the soil.  While plant density was low it was uniform across treatments (Table 16).  When 
plant dry weight was measured on 30 September plants from the deep banded treatment were heavier 
than those that were top-dressed.  This indicated that plants under this treatment had produced 
greater biomass and were more vigorous early in the season (Table 16). 
This increase in early biomass did not translate to any yield benefit.  Yields were not responsive to 
phosphorous fertiliser placement or rate.  All row spacings had average yields close to each other, 
within 50 kg of the total average of 2.274 t/ha (Table 16).  Grain protein was not affected by any of the 
treatments in this trial (Table 17). 
Grain yield components were measured prior to harvest including, stem/branch weight, pods per stem, 
seed per pod and seed weight for main stems, primary and secondary lateral branches Table 2.  
Fertiliser and row spacing treatments had more influence on grain yield components of lateral 
branches than the main stem.  As row spacing increased stem branch weight and the number of pods 
per stem/branch increased significantly on the main stem and laterals.  On the secondary laterals 
wider row spacings also resulted in a greater number of seed per pod and higher average seed 
weight.  Fertiliser rate increased main stem weight and the seed per pod on the main stem.  However, 
the main effect of fertiliser rate was observed on the secondary laterals.  Dry weight, pods per branch, 
seed per pod and average seed weight were all increased by the higher fertiliser rate.  Fertiliser 
placement had no effect on yield components and there were no significant interactions between 
treatments. 
It is encouraging that at yields of over 2.0 t/ha the wide spacing of 75 cm yield as well as the 25 cm 
spacing.  This again provides evidence that in the northern area wide row lupins do yield well enough 
to be used commercially and that the benefits of better targeted inputs that row cropping can provide 
need to be investigated. 
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25 banded 60 26.9 582 36.5 0.357 2.26 
25 banded 120 22.8 663 32.5 0.390 2.46 
25 dressed 60 23.2 647 34.6 0.343 2.30 
25 dressed 120 28.0 465 37.5 0.431 2.29 
50 banded 60 22.6 638 34.0 0.478 2.22 
50 banded 120 28.3 639 35.0 0.361 2.10 
50 dressed 60 29.0 557 35.2 0.382 2.30 
50 dressed 120 23.2 561 38.0 0.368 2.31 
75 banded 60 29.3 701 37.3 0.398 2.33 
75 banded 120 27.0 693 36.1 0.427 2.12 
75 dressed 60 26.6 621 35.2 0.362 2.20 
75 dressed 120 26.5 550 37.5 0.387 2.39 
LSD row spacing (p < 0.05) ns ns ns ns ns 
LSD fertiliser placement (p < 0.05) ns 81 ns ns ns 
LSD fertiliser level (p < 0.05) ns ns ns ns ns 
CV% 13.5 22.6 8.6 20.1 7.8 
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Table 17. Average plant weight (g), stem/branch dry weight (g), pods/stem, seed per pod, average seed weight (g) 































25 60 banded 28.8 9.26 6.4 4.58 3.72 0.189 3.15 2.78 3.12 0.186 3.0 2.0 1.07 0.042 
25 60 dressed 29.6 10.20 8.1 5.18 3.80 0.191 3.15 2.72 3.00 0.170 2.5 0.7 0.42 0.030 
25 120 banded 29.6 8.81 7.4 4.68 3.87 0.196 2.72 2.53 3.18 0.195 3.0 0.7 0.67 0.023 
25 120 dressed 29.625 12.85 6.8 4.18 3.78 0.196 3.65 2.95 3.32 0.169 3.3 1.5 1.33 0.068 
50 60 banded 29.5 10.73 7.1 4.65 3.73 0.197 3.67 3.5 3.06 0.165 3.2 1.8 1.04 0.098 
50 60 dressed 29.1 9.89 7.2 4.88 3.86 0.190 3.05 2.38 3.28 0.176 2.3 0.5 0.38 0.026 
50 120 banded 30.1 17.85 9.5 5.5 4.27 0.189 4.77 3.85 3.62 0.162 14.5 13.5 1.62 0.093 
50 120 dressed 29.6 12.74 9.7 5.95 3.96 0.195 4.55 3.6 3.11 0.181 9.0 8.0 2.28 0.151 
75 60 banded 29.73 9.54 9.2 5.12 3.57 0.223 4.65 4.35 3.60 0.174 6.3 6.0 0.77 0.040 
75 60 dressed 29.36 10.89 8.4 5.25 3.89 0.188 6.1 4.88 3.43 0.173 11.0 10.8 1.86 0.089 
75 120 banded 29.8 16.35 10.2 6.25 3.86 0.194 5.55 5.22 3.44 0.177 22.5 21.5 2.24 0.160 
75 120 dressed 29.43 11.67 10.7 6.15 3.95 0.202 5.5 3.83 3.32 0.188 11.8 12.0 2.28 0.130 
Averages               
25 cm 29.4 10.28 7.2 4.65 3.79 0.193 3.17 2.74 3.15 0.180 2.9 1.2 0.87 0.041 
50 cm 29.6 12.80 8.4 5.24 3.96 0.193 4.01 3.33 3.26 0.171 7.2 5.9 1.33 0.092 
75 cm 29.7 12.11 9.6 5.69 3.82 0.202 5.45 4.90 3.45 0.178 12.9 12.6 1.79 0.091 
  60 kg/ha 29.4 10.09 7.7 4.94 3.76 0.196 3.96 3.43 3.25 0.174 4.7 3.6 0.92 0.054 
120 kg/ha 29.7 13.38 9.0 5.45 3.95 0.195 4.46 3.66 3.33 0.179 10.7 9.5 1.74 0.095 
Banded 29.6 12.1 8.3 5.13 3.84 0.198 4.09 3.7 3.34 0.176 8.8 7.6 1.24 0.067 
Top dressed 29.5 11.4 8.5 5.26 3.87 0.194 4.33 3.39 3.24 0.176 6.6 5.6 1.42 0.082 
LSD row (p < 0.05) ns ns 1.5 0.936 ns ns 1.158 0.973 ns ns 6.64 6.44 ns 0.0427 
LSD fert rate (p < 0.05) ns 1.49 1.2 ns 0.185 ns ns ns ns ns 5.42 5.26 0.624 0.0348 
LSD fert placement (P < 0.05) ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
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The pros and cons of sowing lupins to ‘wide’ rows 
Wayne Parker, Bob French and Martin Harries, Department of Agriculture, Western Australia 
Summary 
In the low rainfall zones lupins sown to 50 cm or greater use water from between the row during seed 
fill. 
When increasing spacing it is also necessary to maintain sowing rate to meet the optimum plants per 
metre seedling emergence. 
The influence of wide row lupin in rotation on soil nutrition is greatly unknown.  
Wide row lupins fit into the farming system well when combined with inter-row spraying to control any 
weeds between the rows.  
Influence on yield 
Experimental evidence for wheat indicates that for every 9 cm over 9 cm sowing width the crop loses 
8% of potential yield.  Such restrictions also apply to lupins however the base sowing width is greater 
than currently being used by Western Australian growers.  Most lupins in the northern agricultural 
region are sown to the same width as wheat, 18 cm to 25 cm.  Results from lupin sowing width trials in 
2002, 2003 and 2004 support lupins being sown on row spacings over 25 cm to 50 cm as they don’t 
incur yield loss at these spacings.  The results are regionally specific as the wider sowing widths are 
not recommended for all of the wheatbelt.  The influence of the environment, climate, water use and 
seeding rate all allow lupin to yield as well on 50 cm spacings as on 25 cm widths. 
Environmental influence on yield in wide rows 
The lupin plant is indeterminate in nature and will continue to flower and set pods while environmental 
conditions are favourable.  It was proposed that the cool temperatures and longer season length of the 
southern wheatbelt would allow lupins on spacings over 25 cm to yield as well as those sown to 
25 cm.  This was not the case as the cooler conditions of the southern regions, at and after sowing, 
slow the growth rate of the lupin.  This means that it takes longer for the plants on wider rows to 
intercept the sunlight in the middle of the row.  The length of growing season does not improve yield of 
lupins on wide rows in the southern wheatbelt as the cooler temperature slows growth and lowers yield 
potential.  
Research carried out in 2004 has also shown greater solar radiation capture of lupins grown in 25 cm 
rows than 50, 75 or 100 cm rows (see report by French in this publication). 
Wide row water use 
Lupin plants experience water stress when leaf water potential is -1.5 MPa or below.  It has been 
shown that lupins sown on 50 cm rows are greener for longer and experience leaf drop later than 
those on 25 cm rows.  Leaf water potential has been measured to show wider row lupins do not 
experience the same level of water stress under low rainfall conditions.  This is because of their ability 
to access water from between the row.  Wider row lupins delay water use from between the rows.  As 
row spacing increases so does the time the plant is able to delay the onset of water stress as there is 
greater soil water reserve between the rows.  This theory is supported by other work by French which 
shows narrow rows consuming more water over a season than wide rows (see report in this 
publication).  
Water beneath the lupin plant is used preferentially so water use from between rows occurs later in the 
season when water stress is strongest.  As a result water from between the rows is used for seed fill.  
This ensures larger seed in a season with a dry finish.  In 25 cm rows during tight finishes water stress 
develops earlier and as a result seeds are smaller and yields lower.  Previous work by French 
determined the water use efficiency (WUE) of the row spacings 25, 50, 75 and 100 cm.  The average 
WUE was very similar in each case.  The difference lies in the timing of the water use.  25 cm had 
used more water earlier and did not have the level of stored water of wider spacings at seed fill.  As 
such the WUE of 25 cm rows decreased with time while the others were constant.  
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The importance of sowing rate 
With any increase in sowing spacing it is necessary to increase the number of plants per row to ensure 
optimum plants per m2.  Therefore it is recommended that sowing rate should not decrease as sowing 
spacing increases.  
As sowing spacing increases, without altering sowing rate, there is an increase in the number of plants 
per row.  The density of plants in the furrow was cause for concern as the high density was thought to 
damage yield potential through increasing the level of intra-species competition.  A number of trials 
have compared yield results from the interactions of alternate sowing widths and sowings rates.  Trials 
at the Mullewa research station have shown the recommended sowing rate of 100 kg/ha give 
equivalent yields at 50 cm as at 25 cm.  This supports results from Merredin and Wongan Hills in 
2003. 
Sowing rate influences the total dry weight of the plant and in turn the harvest index.  As sowing rate 
increases so too does the yield:biomass ratio.  This means that each plant produces more seed per 
gram of plant weight.  It is speculated that this is a result of intra-specific competition.  As the seeding 
rate in wide rows increases the individual plants produce less leaf and stem material.  
Interactions of sowing width 
One of the advantages of sowing lupins on wider rows is the increase in height of the lowest pod.  
Harries et al. (2004) found that a sowing width of 25 cm had a height to lowest main stem pod of 
38 cm.  In the same trial height to lowest pod of lupins sown to 100 cm is 42 cm. 
Increasing the height to the lowest pod aids harvestability.  Harvest losses are lower as less grain is 
left in the paddock through pods being too close to the ground.  Taller pod set also reduces stress of 
the header driver through lowering potential machine damage from rock and soil clods.  
At the time of seeding if sowing widths are doubled so too is the amount of material, seed and 
fertiliser, travelling out of each tine of the sowing equipment.  This can pose blockage problems for 
growers with low capacity machinery.  
Interaction of sowing rate and sowing width 
There are levels of interaction between sowing rate and sowing width on establishment of lupins.  
Establishment increases as seeding rate increases.  The same occurs as sowing spacing increases 
from 25 cm to 50 cm. 
Weeds and how to combat them inter-row 
Lupin seedlings do not compete well with weeds for limited soil moisture and nutrients at the beginning 
of the season.  When sowing lupins on spacing greater than 18 or 25 cm there is need for effective 
weed control.  Any weed growing between rows of lupins experiences very little direct competition 
from the lupin.  
Sowing on widths of 50 cm or greater allows for inter-row weed control using shielded sprayers.  
Shielded spraying is the concept of spraying non selective herbicides beneath a hood between crop 
rows without damaging the crop.  A trial carried out by Martin Harries and Mike Baker in 2004 
successfully combined cultural control with inter-row spraying to obtain lupin yields averaging 2.4 t/ha 
(see report this publication). Only  yield and lupin establishment measurements were taken in this trial.  
Weed numbers and weed biomass need to be taken to determine the efficacy of this method of 
spraying.  
Inter-row shielded spraying, with 2 L/ha Spray.Seed®, has been shown to kill up to 100% of inter-row 
ryegrass, 88% of in-crop wild radish and 93% of in-crop blue lupins.  
One area that requires further investigation is the fit of shielded spraying in the current farming system.  
The accuracy of spraying required and the constraints of each grower’s sowing method mean that the 
inter-row spraying of wide row lupins only fit a small niche of today’s farms.  While the application 
could be broad as the system stands only those growers with satellite guidance to 2 cm accuracy are 
able to use it effectively. 
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The influence of wide row lupins on nutrition 
The advent of minimum tillage has reduced thorough mixing of fertilisers through the soil profile.  As a 
result zones of fertility are produced.  There is concern that if lupins are sown on wide rows there will 
be increasing uneven distribution of fertiliser to the detriment of future crops.  
The wider lupins are sown the longer it takes the roots access immobile nutrients, P, Cu, Zn and Mn, 
in between rows.  Higher in-row densities, as with wide row lupins, can force each plant to grow taller 
and root faster into the inter-row (Bowden and Scanlan 2004).  There is potential that fewer nutrients 
will be taken from the centre of wide rows as it takes longer for the roots to reach them.  As the soil 
starts to dry then nutrients become less available in the top soil.  This leaves a residual of nutrients 
pooled in the centre of the row which is used by wheat in the following rotation.  
Fertiliser toxicity is possible under wide row lupins if the rate sown with the seed is not adjusted or 
deep banded.  In previous trials drilling more than 10 kg/ha of phosphorus with the seed causes 
toxicity.  Harries and Owen-D’arcy (2005) applied 120 kg/ha of diammonium phosphate (24 kg/ha P), 
deep banded and top dressed, in a lupin row spacing trial to assess establishment rates and fertiliser 
use in yield production.  Establishment was not influenced by alternate levels of fertiliser.  As fertiliser 
level increased, so too did the biomass of the lupin plant, though yield remained unaffected.  
The effects of wide row lupins on the nutrition of following crops are not well understood.  Rotational 
trials are essential to discover the movement of nutrients over a number of seasons for better 
management of the soils.  
 
Investigations into the influence of row orientation in lupin crops 
Jeff Russell1 and Angie Roe2 
1Department of Agriculture, Western Australia 
2Farm Focus Consultants. 
Summary 
The rise in prominence of tramline farming systems has raised the issue of crop performance as 
impacted by row orientation. 
The results of eleven replicated paddock scale evaluations taken in the 2002 and 2003 seasons are 
given that compared crop yield and attributes of crop architecture in lupin crops sown in north–south 
and east–west row orientations. 
Aims 
Crop orientation has currently become of interest to growers with the recent developments being 
generated through ‘Tramline’ technology systems and Precision Agriculture.  Little is known about 
lupin crop orientation to the sun’s transit.  Crop architecture as impacted by seeding rate and row 
spacing may also influence crop performance. 
As tramlining means making a decision to sow the paddock in a predetermined orientation over a 
number of seasons the growers are keen to investigate if there are yield impacts that they may 
capitalise on.   
The concern here is if row orientation influences crop performance as this will have a bearing in the 
direction of establishing tramlines.  This needs consideration when a grower is planning long term 
farming system changes.  If there are yield impacts, then growers may be able to capitalise on them. 
Method 
Simple lupin orientation on farm research activities were conducted using ‘bulls eye’ level 3 designs 
(Russell, 2001) or adaptations of these on a number of paddocks in two seasons.  Eleven replicated 
comparisons were conducted on 2 properties in 2002 and 3 properties in 2003.  Plant density, pod 
density and main stem pod height were measured.  Grain yield was determined by machine harvesting 
3 replicates of each row orientation at 900 to each other. 
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Genstat V5 was used to perform general ANOVA analysis separately on each of the eleven ‘in 
paddock’ comparisons studied. 
Results 
The two seasons in which this work was conducted were very different to each other (Table 1) in terms 
of growing season rainfall. 
Table 18. Annual rainfall (mm) at Kellerberrin for the three years that the OFR was conducted 
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Total GS* 
2002 
16.4 0 0 24.2 17.4 33.7 31.8 33.9 6.3 7.4 20.0 14.2 205.3 154.7 
2003 
0 44 28 38 68 40 38 66 23 10 10 8 377 259 
Long term annual rainfall averages† 
11.9 14.5 21 21.6 42.7 55.7 52.6 41.4 25.9 17.8 11.7 13 329.9 257.7 
* GS = growing season rainfall (April-Oct.). 
† Average annual rainfall for the last 110 years (BOM, 2004). 
Plant densities and attributes measured did not indicate any strong influence of row orientation at the 
sites studied and suggest uniformity in these.  It was only in crop yield that differences were noted. 
Eleven replicated paired comparisons of the yield of lupins grown in a NS orientation to those aligned 
at an EW orientation are shown (Figure 12).  In five of these comparisons the N-S orientation had 
superior yields to the E-W orientation but only one set was significantly (p < 0.05) greater.  Of the six 
E-W orientations that had greater yields to paired N-S orientations, four of these comparisons showed 
significantly (p < 0.05) greater yields to their corresponding N-S orientation.  The slope of the 
regression between EW and NS values is not significantly different from a 1:1 line indicating that there 
was no difference in the NS or EW crop orientation. 
Figure 12. The relationship comparing yields of lupins grown in a NS direction to corresponding lupins 
grown in an EW direction in 2002 and 2003. 
Conclusions 
The orientation results are not definitive for lupins and may very well reflect paddock and site 
variability.  The results seem to be in broad agreement with research conducted by Pathan et al.  
where neither orientation has a stronger influence on lupin crop yields (Crop Update 2005, Weed 
section).  See their paper that details research conducted on a number of crop species at a more 
intensive scale. 
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Yield potential does not seem to be an influencing factor as the two seasons in which this was studied 
were complete opposites yet show similar patterns. 
The yield differences measured can be quite large ranging from 170 kg/ha to almost 1.0 t/ha.  It may 
well mean that sowing around the paddock may be still the best alternative with conventional cropping. 
In many cases the orientation of tramlines is more likely to be dictated to a greater degree by the soil 
type and the topography of a paddock.  In these cases the practicalities of management will be of 
greater precedence. 
 
Making the most of Mandelup 
Greg Shea and Chris Matthews, Department of Agriculture 
The new variety Mandelup (tested as WALAN2141) is expected to replace all the lupin varieties in all 
zones except the high rainfall high anthracnose risk zone.  It is expected that the attributes of 
metribuzin tolerance and early maturity (hence giving a greater opportunity for crop topping) will give it 
a role in farming systems where managing weed burdens is particularly important.  Two experiments 
were carried out at the Liebe Group main trial site at West Buntine in 2005 to investigate these two 
issues. 
Croptopping trial.  The tolerance of lupin varieties to metribuzin (Lexone®) is a concern to farmers who 
use this herbicide to control double-gees and radish.  This has become a more critical consideration in 
the breeding program because it has been shown that Tanjil has less tolerance to this chemical than 
older varieties such as Kalya and Gungurru.  An experiment conducted at Wongan Hills in 2002 
showed that Mandelup and Belara tolerated a metribuzin/brodal/simazine mix to the same degree, 
with approximately 25 per cent loss in yield compared to non-sprayed plots.  Under the same 
conditions Tanjil and Wonga lost 46 per cent yield when sprayed with metribuzin alone.  These figures 
show the relative tolerance of these varieties to metribuzin, while the level of yield loss will vary 
depending on the conditions under which the herbicide is used. 
The aim of this trial is to determine the level of crop damage from the metribuzin and a commonly 
used metribuzin mix on Mandelup compared to other commonly grown lupin varieties. 
Metribuzin trial.  The new lupin variety Mandelup is as early maturing as Belara and, from past 
experience, should give opportunities for effective crop topping.  Crop topping can be defined as the 
non-selective control of weed seed set in a crop following the substantial completion of grain filling of 
that crop.  This process typically involves the use of a non-selective herbicide such as gramoxone or 
glyphosate.  The general experience from previous research work is that gramoxone does less 
damage to the lupins than glyphosate. 
Crop topping ryegrass in lupins reduces the number of ryegrass seeds that may have grown through a 
selective herbicide application in the lupin year.  This reduces the amount of herbicide resistant 
ryegrass seed returning to the soil and potentially improves the viability of the lupin-wheat rotation.  
Croptopping effectively reduces the pressure placed on selective herbicides in future phases of the 
rotation and can prolong the useful life of these selective herbicides for ryegrass control in continuous 
cropping rotations. 
Early maturing varieties should provide a greater crop topping window while minimising damage to the 
lupin crop.  The earlier the timing of the gramoxone spray the better the chance that the target grass 
will be at the optimum time for grass seed kill. 
The aim of the trial was to demonstrate that the new variety Mandelup will suffer less from damage as 
a result of crop topping than currently grown varieties when sprayed with gramoxone herbicide. 
Method 
Trials were sown on 13 May 2004, after 18 mm rain on previous 2 days.  Plot size for each trial was 
3.1 m by 10 m with 3 replications in a split plot design.  Sown was done by cone seeder with knife 
points and press wheels at 250 m spacing.  The seeding rate for each variety was set such that 
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52 plants/m2 would be achieved.  Fertiliser used was 85 kg/ha Big Phos® and Mn deep banded.  
Paddock history was wheat in 2003 and 2002 and lupins in 2001. 
Metribuzin trial 
Had 1.1 kg/ha Simagranz® (900 g/kg), 0.8 L/ha Spray Seed® 250 before seeding.  Then 150 mL/ha 
Brodal® was applied to nil plots on 24 June followed by 250 mL/ha Select® + Hasten® over whole trial 
on 9 July. 
Post emergent herbicide treatments 
1. 100 ml Brodal® + 100 g/ha metribuzin + 500 mL/ha simazine. 
2. 250 g/ha metribuzin. 
3. Nil. 
Both treatments were applied on 24 June when the lupins were 6-10 leaf in size.  Weed levels were 
very low and nil treatments (alone) were given a basal post-emergent application of Brodal to make 
sure they were not over-run with radish. 
Crop topping trial  
Had 1.1 kg/ha Simagranz®, 0.8 L/ha Spray.Seed® 250, 100 mL/ha Talstar® PSPE.  Then 150 mL/ha 
Brodal® was applied on 24 June.  The crop topping trial had a low, uneven population of ryegrass and 
wild oats.  First spray timing of 800 mL gramoxone 7 October 2004.  No leaf drop, pods turning from 
green to yellow.  Seeds still ‘sappy’.  Second spray timing of 800 mL/ha gramoxone 22 October 2004 
at 70% leaf drop.  Most pods yellow, seeds fully formed in all varieties.  The 2 times of spraying were 
chosen to ensure that there is sufficient differentiation in the tolerances of the lupin varieties to the 
gramoxone spray.  
Results 
Metribuzin trial.  In the absence of herbicide treatments the performance of Mandelup was outstanding 
with its yield significantly higher than the other varieties. 
The yields of Mandelup, Belara and Kalya were not significantly affected by either herbicide treatment 
in this trial (Figure 13).  However, in other trials, Belara has been shown to not be particularly tolerant 
to metribuzin.  Tanjil was significantly affected by both metribuzin (yield reduction of 52%) and the 







































Figure 13. The effect of metribuzin and metribuzin/brodal/simazine on yield of lupin varieties.  Bars 
represent LSD at the 5% probability level. 
Croptopping trial.  The first spray application had the greatest effect on yield, the second timing did not 
significantly affect yield of any variety (Figure 14).  At the first timing, the yield of Mandelup was 
depressed by the gramoxone application but not as much as for Tanjil and Kalya.  There was no 
significant effect of the first spray on the yield of Quilinock or Belara.  The second application timing 
did not affect the yield of any variety. 
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Figure 14. Effect of different timings of crop topping on yield of lupin varieties.  Bars represent LSD at 
the 5% probability level. 
The early maturity of Quilinock and Belara allowed these varieties to avoid significant crop loss from 
the first gramoxone treatment.  Mandelup was significantly affected by the first gramoxone treatment 
but not as much as Tanjil and Kalya were affected. 
Summary 
Mandelup was shown to have superior yield at this site compared to commonly grown varieties.  
Mandelup has been shown to have a useful early maturity however an early croptopping treatment 
caused a significant, though still acceptable, level of yield loss in this variety.  This was not as large as 
the yield loss suffered by Tanjil and Kalya.  The trials also confirm that Mandelup has a similar level of 
tolerance to Metribuzin as older lupin varieties such as Kalya.  
Reviewed by: Bob French 
 
The effect of wild radish density and lupin cultivars on their competition at 
Merredin 
Shahab Pathan, Abul Hashem and Bob French, Department of Agriculture, Western Australia 
Summary 
• Wild radish can significantly reduce lupin plant growth, grain size and grain yield.  Even 3 radish 
plants/m2 reduced lupin grain yield by 27 to 46% and grain size by 2 to 3%. 
• Among the three lupin cultivars Belara and Tallerack were stronger competitors with smaller 
reductions of plant growth and grain yield than Tanjil. 
Aims 
• To evaluate whether competition from wild radish reduces grain yield, size, and protein in lupin. 
• To test how much radish can be tolerated before the effect begins. 
• To test whether lupin cultivars differ in their competitiveness against wild radish. 
Background 
Wild radish is a very competitive weed to lupins and other winter crops.  It can reduce lupin growth and 
productivity by competing for light, soil moisture and nutrients.  Presence of wild radish plants can not 
only block the harvester but also can reduce the quality of the harvested crop.  Its seed bank life could 
last as long as seven years under continuous cropping systems such as a wheat-lupin rotation.  This 
weed is a major threat to production of lupins, canola, and other pulses in the Western Australian 
wheat belt. 
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Method 
This trial was conducted at the Merredin Research Station in 2004 to examine the effect of four target 
densities of wild radish (0, 2, 10 and 20 plants/m2) on the growth, yield and grain quality of three 
cultivars of lupin (Belara, Tallerack and Tanjil).  Treatments were laid out in a factorial complete block 
design with four replicates.  Lupins were sown on 9 June 2004 following standard agronomic 
practices.  The measurements included plant density, species dry biomass, grain yield, grain size and 
grain protein content. 
Results 
Radish competition did not significantly affect lupin plant numbers at maturity (Table 19).  However, a 
substantial reduction in crop biomass was observed due to competition from increasing radish density.  
Lupin biomass was reduced by 13, 22 and 27% in Belara, 12, 33, 33% in Tallerack and 26, 41 and 
44% in Tanjil in the presence of achieved 3, 16 and 24 radish plants/m2 respectively (Table 19).  
Belara was the strongest competitor with minimum loss of plant biomass at flowering stage followed by 
Tallerack and Tanjil. 
Table 19. Radish dry mass, lupin plant density and lupin dry mass measured at crop flowering stage in 
three lupin cultivars at Merredin in 2004 
Radish dry mass (g/m2) 
(07-10-04) 
Lupin density (plants/m2) 
(13-08-04) 




(plants/m2) Belara Tallerack Tanjil Belara Tallerack Tanjil Belara Tallerack Tanjil 
0 0 0 0 49 49 55 398 475 470 
3 15 14 9 46 50 45 346 418 347 
16 43 55 43 49 51 46 311 319 279 
24 73 65 65 49 51 53 289 317 264 
LSD (0.05) 11 ns* 52 
* ns = not significant. 
Lupin yields and grain size significantly decreased with increases in radish density, irrespective of 
cultivar (Table 20).  Lupin yield reduction was greater at higher radish densities.  Even 3 radish 
plants/m2 reduced lupin grain yield by 27 to 46% and grain size by 2 to 3%.  Presence of 20 radish 
plants/m2 reduced lupin yield by 61 to 66% and grain size by 4 to 7%.  Highest grain yield was 
obtained from radish-free Tanjil plots, followed by Tallerack and Belara.  However, Belara was the 
strongest competitor with minimum loss of grain yield in the presence of radish density compared to 
Tallerack and Tanjil (Figure 15). 
In this trial, grain protein content of lupins was not significantly affected by radish density.  However, 
protein contents differed significantly between the three cultivars.  The highest protein was obtained 
from Tanjil followed by Tallerack and Belara, irrespective of radish density (Table 20). 
Table 20. Effect of radish density on the grain yield, grain size and protein content of three lupin 
cultivars at Merredin in 2004 
Grain yield  
(kg/ha) 
Grain size  
(g/1000 seed) 




(plants/m2) Belara Tallerack Tanjil Belara Tallerack Tanjil Belara Tallerack Tanjil 
0 564 606 749 100 101 103 31.4 32.8 33.6 
3 412 431 403 98 102 100 31.1 33.3 33.5 
16 321 316 272 95 98 98 30.9 32.9 33.6 
24 217 217 258 93 96 96 30.7 33.2 33.5 
LSD (0.05) 39 2 ns* 
* ns = not significant. 
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Figure 15. Effect of radish density on the grain yield loss (kg/ha) of three lupin cultivars at Merredin in 
2004. 
Competition from radish significantly reduced grain yield, grain size, and biomass of lupins, mainly by 
reducing available photosynthetically active radiation (PAR) during reproductive stage.  Competition 
from 2 to 20 radish plants/m2 decreased available PAR on lupin canopy by 9 to 23%, irrespective of 
lupin cultivar (data not shown).  Previous research has also shown that competition from wild radish 
can reduce lupin grain yield and grain size by reducing available PAR.  The degree of reduction in 
lupin grain yield was much higher than the reduction in biomass due to radish density suggesting that 
radish competition was more intensive during reproductive than vegetative stages, particularly the 
seed filling stage. 
Conclusion 
Competition from 2 to 20 radish plants/m2 decreased lupin biomass by 12 to 44%, grain yield by 27 to 
66% and grain size by 2 to 7%.  Tanjil suffered greater loss in biomass and grain yield than other 
cultivars.  Thus, lupin cultivars differ in competitiveness against wild radish.  This could be important in 
managing this weed.  It is important to know whether the differences in competitiveness observed here 
are consistent in other situations, and what plant characteristics determine it.  Elucidating the 
mechanism of radish competition is worthy of further study.  
 
The potential of the pearl lupin (Lupinus mutabilis) for southern Australia  
Jon Clements1, Mark Sweetingham2, Bevan Buirchell2, Sofia Sipsas2, Geoff Thomas2, John Quealy1, 
Roger Jones2, Clive Francis1, Colin Smith2 and Gordon Francis1 
1CLIMA, University of Western Australia 
2Department of Agriculture Western Australia 
The pearl lupin (Lupinus mutabilis) originates from the Andes region of South America where it has 
been used by native people for thousands of years as a food crop.  The seed rivals soybean for quality 
with very high protein and oil and thin seed coat.  The feasibility of investment in breeding and 
commercial development of pearl lupin in Australia is being investigated based on market and 
agronomic potential and the development of an enhanced germplasm base from which potential 
cultivars could be developed.  Of the 120 L. mutabilis accessions held in the Australian Lupin 
Collection, most lines are semi-domesticated with non-shattering pods and soft seeds.  Of these, 
approximately 20% are early flowering (< 80 days to flowering) and several accessions have low 
alkaloid levels including cv. Inti from Chile, five donated from an early South African mutation program 
and one from Ecuador.  All these low alkaloid accessions are sub-optimal agronomic types. 
Small plot evaluation trials have been conducted on a wide range of soils types.  Four promising 
agronomic types are early flowering with excellent vigour, pod set and seed size although yields are 
still lower (by 20% or more) than L. angustifolius. L. mutabilis appears to be best adapted to the same 
soils as albus lupin.  They perform poorly on infertile sands where narrow-leafed are well adapted and 
they readily develop leaf chlorosis when grown on soil with free lime.  L. mutabilis was similar or 
slightly more waterlogging tolerant than L. angustifolius but not as tolerant as L. luteus.  Nodulation is 
not limiting with the normal lupin rhizobium.  Some indications of variation in resistance to brown spot 
(Pleiochaeta setosa) are apparent and one accession was resistant to cucumber mosaic virus.  
Although no sources of resistance have yet been identified, accessions of L. mutabilis were not 
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generally as susceptible to anthracnose as L. albus.  The main strain of phomopsis in Western 
Australia does not readily infect L. mutabilis.  Results on a limited number of genotypes show all 
L. mutabilis to be very susceptible to post-emergent metribuzin herbicide.  Tolerance to root absorbed 
simazine is similar to narrow-leafed lupin.  Whole grain protein of 43.2%, kernel protein of 53.2% and 
kernel oil of 18.0% has been recorded for an agronomically suitable genotype.  Cadmium levels in 
seed were low in five lines tested, similar to narrow-leafed lupin.  There are a range of seed sizes 
(70-250 mg), colours (pure white, buff, white with black markings, brown) and hull proportion ranges 
from 12-16%. 
Crosses between early flowering and low alkaloid accessions have generated fixed lines that are 
early-mid flowering and low alkaloid.  A sub-set of these will be evaluated for yield in a range of 
environments in WA in 2005.  The advanced lines will also be assessed for seed quality attributes 
such as protein, oil, sulphfur amino acids, and antioxidants.  New crosses can be made via a recently 
identified male sterility system which greatly improves hybridization success in this difficult to cross 
lupin species.  
Consideration is being given to support a small breeding program focused on producing a cultivar with 
higher yield, high seed quality (high protein and oil), disease resistance (especially to anthracnose and 
brown spot) and improved herbicide tolerance.  This high quality grain has good potential in food, feed 
and aquaculture industries. 
Field pea 
Mark Seymour, Department of Agriculture, Western Australia 
Interest in field pea is at an all time high.  The availability of semi-leafless lines adapted to WA 
conditions that offer improved harvestability has resulted in an unprecedented demand for field pea 
seed.  Forecasts indicate that by 2006 farmers could have on hand sufficient seed for 250,000 ha of 
field pea to be sown in WA.  As a consequence of this increased interest in field pea, GRDC and 
DAWA have continued funding the field pea agronomy project in order for all of the information 
gathered over recent years to be extended to all sectors of the industry, to ensure WA becomes a 
stable field pea producing state. 
In 2004 approximately 80,000 ha of field pea was sown.  The crops in general were very good until 
spring when very low rainfall reduced pod set and seed filling.  In the Great Southern and medium 
rainfall mallee areas in the south east yields were commonly in the range 0.9 to 1.5 t/ha, with the best 
yields in the order of 1.8 t/ha.  However many growers in low rainfall areas harvested very low yields 
(0 to 600 kg/ha) which can be attributed to the very dry spring and in some areas multiple frost events.  
Seed quality was generally poor in WA and the rest of Australia due to small seeds, excessive 
budworm damage and a higher percentage soil contamination - a direct result of low yields. 
Included in the following pages are summaries of the research and extension efforts by many 
organisations and projects, all with the same aim - to establish a sustainable and substantial field pea 
industry in WA.  
 
Breeding highlights 
Tanveer. Khan and Bob French, Department of Agriculture, Western Australia 
Current program and future 
The WA field pea breeding program started in 1988 and is currently a node of the Australian 
Coordinated Pea Improvement Program (ACPIP) that focuses on the short season environment.  Yield 
and adaptation are the primary objectives.  The focus on seed type has changed from almost no 
preference in the early 1990 to a focus on white round types in the mid 1990s and, more recently, to a 
focus on dun types.  The shift in focus has been in response to market intelligence.  Another 
significant shift has been a focus on semi-leafless lines with better standing ability and non-shattering 
pods.  This has been brought about with the success of Kaspa in WA. In a short season environments, 
high biomass is positively correlated with yield and in past only conventional leafy type germplasm 
offered high biomass.  Kaspa is the first semi-leafless variety that overcame the yield barrier and it is 
now considered a model plant type. 
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The field pea breeding structure is also changing with a new National Program that will be centralised 
at Horsham (Victoria) but is likely to have a significant presence in WA.  The 2005 season will be a 
transitional year with the new program starting on 1 January 2006.  The new program is expected to 
focus on dun type seed and a plant type that is similar to Kaspa. 
Seasonal highlights 
The season started well and all trials were sown in the optimum sowing window.  The winter rainfall 
was adequate but spring rain failed causing severe moisture stress at Dalwallinu, Merredin and 
Scaddan.  Scaddan was the most affected site. Dalwallinu and Merredin did better due to their heavier 
soil type providing greater moisture reserves.  York experienced a severe epidemic of black spot and 
the high yields of some lines here may in part reflect their tolerance to this disease.  Despite the 
terminal drought, yields from all sites are good showing the resilience of field pea in adverse 
conditions. 
Advanced breeding lines (semi-leafless type) 
Over 20 lines were tested at Dalwallinu, Merredin, York and Scaddan.  Due to severe drought at 
Scaddan that caused compression of yields, no genetic variation was detected.  Based on Merredin 
observations, 7 lines showed standing ability equivalent or greater than Kaspa but none surpassed 
Snowpeak (Table 21).  The promising line 97P763-24, unfortunately, is showing segregation for seed 
type and will be re-selected.  Dun type line 96P403-2 is of particular interest due to its moderate 
resistance to black spot. 
Advanced breeding lines (normal leaf type) 
Over 50 lines were tested at Dalwallinu, Merredin, York and Scaddan. Nine lines showed yields 
greater than Dunwa and 13 greater than Helena (Table 21).  The best dun type line 97P695-8 also 
has a very large seed. 97P724-5 is another large seeded line with good yield. 
Interstate pea variety trial 
None of the dun seeded line amongst the normal leaf type yielded better than the current varieties but 
WACPE 2112 continued its outstanding performance amongst the white seeded normal leaf type 
(Table 23) along with 96-235-*5.  Amongst semi-leafless blue pea, there are some good lines as are 
also amongst the white semi-leafless type.  Kaspa yielded poorly amongst semi-leafless dun types 
with Yarrum and 96-286-*1 responding well to the dry conditions of 2004. 
Table 21. Standing ability (Sta, 1-9; 9 = highest standing ability), yield expressed as % of Dundale spot 
resistance (BS 1-9; 9 most susceptible) in selected semi-leafless lines. at Dalwallinu (DW), 
Merredin (ME) and York (YK), seed weight (100SW), seed type and blackspot score 
Entry Sta % DW % ME % YK 100SW Seed type BS 
Snowpeak 5.0 101 101 108 14.9 White 6.5 
96P367-4 4.5 97 109 75 18.9 White 6.5 
97P691-11 4.0 96 90 80 17.1 Dun 7.0 
96P391-4 4.0 99 100 120 16.2 White 6.0 
97P763-24 3.8 103 116 150 16.6 Blue/Dun 7.0 
96P403-2 3.5 111 108 136 14.4 Dun 5.0 
PX-96-36-3 3.3 105 107 84 16.5 White 7.5 
ABN 1-97286 P2 3.3 111 111 100 16.6 Blue 6.0 
Kaspa 3.0 112 105 139 15.1 Dun 6.5 
Dundale yield (kg/ha)  2268 3281 1147    
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Table 22. Yield expressed as % of Dundale at Dalwallinu (DW), Merredin (ME), Scaddan (SC) and York 
(YK), seed weight (100SW) and seed type in selected normal leaf lines 
Entry % DW % ME % SC % YK 100SW Seed type 
97P677-4 132 110 99 112 15.8 White 
97P727-2 103 102 105 132 15.9 White 
97P695-8 124 113 102 121 23.0 Dun 
97P727-7 103 101 106 128 18.0 White 
97P717-8 122 106 108 115 17.1 Dun 
97P717-6 118 113 106 112 18.9 Dun 
97P682-4 116 106 99 121 15.6 White 
97P724-5 116 112 114 111 20.0 Dun 
97P717-7 119 114 101 105 19.2 Dun 
Dunwa 118 112 113 106 17.8 Dun 
PX-96-114-1-1 112 108 103 123 20.2 Dun 
97P682-6 117 101 99 108 13.7 White 
PX-89-266 118 96 104 105 16.2 Dun 
97P717-5 117 110 104 98 16.7 Dun 
Helena 116 114 105 97 14.5 Dun 
Dundale 100 100 100 100 16.5 Dun 
Dundale yield (kg/ha) 2278 3088 1233 1642   
Table 23. Leaf type, yield expressed as % of Dundale at Merredin and York, seed weight (100SW) and 
seed type in the field pea interstate variety trial 
Entry Leaf type Merredin York 100 SW Seed type 
Soupa normal 104 116 15.9 Blue 
Dundale normal 100 100 16.0 Dun 
Dunwa normal 113 120 15.7 Dun 
Helena normal 114 128 12.4 Dun 
PX-96-57-8 normal 106 129 16.0 Dun 
Parafield normal 113 134 16.7 Dun 
M219-1-2-1 normal 112 113 12.5 Maple 
PX-96-79-8-1 normal 114 108 15.3 Maple 
PX-96-46-2 normal 110 108 16.0 Maple 
Mukta normal 94 115 13.6 Mixed 
Sturt normal 118 135 14.6 White 
WAPEA2112 normal 121 147 16.0 White 
96-235-*5 normal 125 158 15.2 White 
WAPEA2144 normal 108 127 17.9 White 
WAPEA2174 normal 105 133 14.4 White 
Excell semi-leafless 93 103 15.3 Blue 
96-049-*1 semi-leafless 114 154 15.2 Blue 
92-297-*10-1 semi-leafless 111 114 18.1 Blue 
WAPEA2189 semi-leafless 105 120 13.7 Blue 
89-036*3-6 semi-leafless 124 94 15.8 Dun 
95-072*3 semi-leafless 94 128 15.0 Dun 
Kaspa semi-leafless 102 90 13.0 Dun 
Yarrum semi-leafless 117 140 14.3 Dun 
96-286-*1 semi-leafless 114 138 13.0 Dun 
93-019-*6-3 semi-leafless 117 142 15.8 Dun 
89-036-*9-8 semi-leafless 129 109 16.2 White 
Moonlight semi-leafless 114 105 17.1 White 
Snowpeak semi-leafless 113 105 13.7 White 
96-262*1 semi-leafless 123 125 14.4 White 
PX-96-59-1-2 mixed types 113 130 15.9 Mixed 
Dundale yield (kg/ha)  3181 1402   
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Variety evaluation 
Tanveer Khan, Kerry Regan, Jenny Garlinge and Rod Hunter, Department of Agriculture, Western 
Australia 
Evaluation of advanced field pea breeding lines was undertaken at 10 sites in 2004 and incorporated 
Stage 3 and Stage 4 semi-leafless (S) and normal trailing types (N) (Table 24).  Previous studies have 
shown that yield performance of S types is improved by higher plant densities.  Therefore, S-types 
were sown to achieve 60 plants/m2, while N types aimed for 50 plants/m2.  The yield results presented 
here are from preliminary analysis. 
Seasonal conditions were mixed in 2004 with dry conditions experienced in some regions during 
September and October.  On average, mean yields ranged from 234 kg/ha at Narembeen to 
2452 kg/ha at Winchester and yield performance of individual lines varied considerably across sites.  
The dun type N varieties Dunwa and Helena and the white-seeded N variety Sturt were the greatest 
yielding named varieties.  Kaspa, the new S dun type variety released by the Victorian DPI in 2003, 
has generated considerable interest in WA over the last two seasons due to its improved standing 
ability and low pod shattering. Kaspa performed well at Katanning, Merredin, Mullewa and Scaddan. 
The S4 breeding line WAPEA2112, a white pea that has good seed size (~ 20 g/100 seeds), has 
shown improved yields in previous seasons and also performed well in 2004.  For the S3 entries 
across sites, the breeding lines WAPEA2196 (N dun type) and WAPEA2200 (N white type) produced 
the greatest yields.
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Table 24. Seed yields (% Dunwa) of Stage 3 (in italics) and 4 field pea varieties and lines in CVT trials (S1 types sown to achieve 60 plants/m2 and N types 50 plants/m2)2 






















Dunwa3 2047 359 1133 1668 586 1064 1341 1152 360 2737 100 
Dundale 78 50 91 95 79 81 96 85 96 84 83 
Helena 88 57 111 95 121 91 118 96 126 95 100 
Kaspa1 84 71 88 103 97 101 133 87 93 84 94 
Moonlight 54 79 - 74 133 91 76 82 - - 84 
Parafield 80 86 88 106 130 79 92 90 113 92 96 
Snowpeak1 73 71 62 89 132 109 87 92 108 81 90 
Sturt 98 86 116 117 151 98 114 93 114 99 109 
Yarrum1 92 43 - 93 83 79 77 99 - - 81 
95183-12-11 - - - - - 94 - - - - - 
M219-1-2-1 89 86 106 102 116 66 101 98 117 95 98 
P503-1-2 - - - 84 116 71 99 - - - - 
PX-94-481 - - - 84 153 98 80 - - - - 
PX-95-34-4 - 114 - 100 195 84 108 - - - - 
PX-96-88-2 - - - 91 81 68 105 - - - - 
PX9661-7-1 81 86 85 84 90 67 87 - 77 85 82 
WAPEA2112 88 71 96 105 154 82 105 109 123 100 103 
WAPEA2144 92 71 81 81 97 69 81 82 121 90 87 
WAPEA2171 94 107 94 85 162 71 108 94 108 79 100 
WAPEA2174 86 64 91 93 102 79 89 87 106 93 89 
WAPEA21891 70 29 79 80 84 80 69 74 87 79 73 
96-286*11 92 64 - 102 114 89 109 96 - - 95 
WAPEA2193 86 57 104 97 97 70 97 97 - - 88 
WAPEA2194 96 19 91 85 37 48 79 66 - - 65 
WAPEA2195 90 39 76 76 74 48 74 65 - - 68 
WAPEA2196 83 93 100 87 125 91 125 100 - - 100 
WAPEA2197 88 36 89 100 114 60 111 89 - - 86 
WAPEA2198 92 18 85 87 74 34 55 95 - - 68 
WAPEA2199 88 43 70 97 84 65 72 - - - 74 
WAPEA2200 90 79 106 90 125 91 116 103 - - 100 
WAPEA2201 92 86 88 96 139 81 95 90 - - 96 
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Table 24 continued … 






















WAPEA2202 91 76 93 102 158 69 85 - - - 96 
WAPEA2203 80 36 77 79 97 63 92 - - - 75 
WAPEA2204 84 57 79 76 107 53 82 72 - - 76 
WAPEA22051 83 29 73 92 111 83 89 76 63 92 79 
WAPEA22061 62 21 61 57 111 69 58 - - - 63 
WAPEA2210 78 57 74 88 107 81 85 - - - 82 
Mean SY 1754 234 998 1489 686 901 1236 1033 359 2452  
1 Semi leafless (S) lines. 
2 Results presented here are preliminary and further analysis will be undertaken. 
3 Seed yields of Dunwa and site means are presented in kg/ha. 
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Large scale field pea variety trials 
Martin Harries, Department of Agriculture, Western Australia 
Trials were sown at Chapman Valley, thirty kilometres north east of Geraldton, on 16 June and at 
Mullewa on 4 June.  Soils were both red loams pH 5.0 and 6.0 respectively.  Plots were 50 m long by 
one seeder bar width.  The experimental design included extra replications of control plots (Dundale) 
added at regular intervals to account for site variation.  Using this method all non-control plots were 
beside a Dundale control.  Due to the large area required only four varieties were used in each 
experiment. 
Yields were impressive at Chapman Valley ranging from 1.6 to 2.2 t/ha (Table 25).  Dundale yielded 
lowest of all varieties showing the improvements that have been made in field pea breeding in recent 
times.  Kaspa was the highest yielding cultivar approximately 660 kg/ha higher than Dundale.  Yields 
at Mullewa were well down due to low rainfall at the site, 188 mm for the growing season, and while 
Helena produced the highest yield no significant differences were obtained between varieties. 
These results are consistent with previous results indicating that while Kaspa yields are always 
competitive with the latest varieties it is less adapted to the shorter season lengths of the far north-east 
cropping region.  Kaspa had previously not been tested in the higher rainfall northern zone; results 
from Chapman Valley suggest that it will be well suited to this environment.  
At Chapman Valley harvest was delayed until after the plants had naturally dried down, in mid 
December, because of logistical constraints.  Kaspa was the highest yielding variety at the site but this 
was mainly a function of harvest efficiency rather than increased grain production (Table 26).  At 
harvest many pods of Dundale, Parafield and Dunwa had shattered and un-shattered pods were quite 
brittle.  Not only had Kaspa shattered less but also it was standing rather than being completely 
lodged, as the other varieties were. 
While harvest efficiency of Kaspa was high despite the late time of harvest it is advised to harvest all 
field peas as early as possible, at 14% grain moisture content.  This allows for weed control through 
desiccant herbicides and also reduces damage to grain at harvest. 
Table 25. Chapman Valley seed weight (g), yield loss (kg/ha) and yield (kg/ha) 
 1000 seed 
weight Yield loss Yield 
Kaspa 198 77.3 2248 
Dunwa 228 397.3 1909 
Parafield 228 452.0 1734 
Dundale 205 457.6 1582 
LSD Variety Min-rep 8.41 51 510.7 
LSD Variety Max-Min 7.52 45 456.8 
LSD Variety Max-rep 6.51 39 395.6 
CV% 2.2 7.8 15.4 
Table 26. Mullewa establishment (plants/m2), grain weight (g) yield loss and yield (kg/ha) 
 Establishment 1000 seed Yield loss Yield 
Helena 49.7 170.5 28.2 563.3 
Dundale 42.3 177.4 25.4 508.0 
Kaspa 44.5 186.8 25.3 506.7 
Parafield 48.7 183.1 24.0 480.0 
LSD Variety ns ns ns ns 
CV% 10.4 4.5 12.7 12.7 
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Kaspa demonstrations 
Rodger Beermier, Mark Seymour, Ian Pritchard, Graham Mussell, Department of Agriculture, Western 
Australia 
In 2004, 8 Kaspa demonstrations were established using farm equipment in the Central, Eastern, 
Lakes, Great Southern and Esperance districts of the WA grain belt.  The demonstrations comprised 
of supplying 100–150 kg of Kaspa seed to cooperating growers who then sowed at 75 and/or 120 kg 
/ha as part of their field pea cropping program.  The main purpose of the demonstrations was to give 
growers the opportunity to view and evaluate Kaspa in their local area/environment and to double as a 
focus site for field pea extension activities during the growing season.  Areas for sites were selected 
on the basis of suitability for field peas and the absence of a Kaspa seed crops in the district. 
The 2004 spring was characterised by an abnormally dry September/October for all districts and 
September frosts in the Central and Lakes districts.  At demonstration sites (i.e. Newdegate, Kukerin, 
Gnowangerup and Grass Patch) which did not experience the combination of spring drought and frost 
Kaspa yields were higher or equal to the conventional field pea varieties.  Kaspa yields ranging from 
1348 kg/ha at Grass Patch to 888 kg/ha at Newdegate (Table 27).  At the other sites (i.e. Merredin, 
Lake Camm, Mt Madden, Mt Madden North and Kondinin) the combination of multiple frosts and end 
of season drought resulted in Kaspa not being able to set any pods whilst adjoining field pea crops of 
Helena and Parafield yielded in the order of 300 kg/ha.  The standard comment from growers was, 
“the Kaspa had grown well but had few or no pods”. 
Kaspa flowers and set pods over a short period of time, and does not go on to produce multiple 
branches and multiple flowering nodes later in the season.  Thus Kaspa is known as determinant type.  
Other field pea varieties such as Helena and Parafield are indeterminate in that they pod and flower 
over a long period of time.  It has been observed that Dundale continues to try and set pods until very 
late in the growing season.  Determinate plants are probably less able to recover from multiple 
stresses, thus the combination of frost and drought did not allow Kaspa to recover to flower and pod 
again compared to the less determinate varieties. 
Table 27. Yield (kg/ha) and details of Kaspa demonstrations 
Site Time of sowing Soil/topography 
Kaspa yield 
kg/ha 
Yield of other 
varieties 
kg/ha 
Newdegate Rs Station 16 June Duplex sand 15-35 cm over clay - top of landscape 
Kaspa 75# - 753 
Kaspa 120* - 888 Dundale 120 - 864 
Lake Camm 23 May Morrel - valley floor Not Harvested Parafield - 300 
Mt Madden 30 May Shallow duplex sandy loam over clay Not Harvested Helena - 300 
Mt Madden North 1 June Duplex sand 30 cm + over clay - mid slope Kaspa 120 - 200 Parafield - 300 
Mukinbudin 8 June Sandy clay loam Kaspa 110 -520 Dundale - 750 Helena - 890 
Kondinin  Duplex sandy loam over clay - mid slope  Not harvested  
Kukerin 18 June Shallow duplex sand over clay Kaspa 75 - 1235 Kaspa 120 - 1361 Dundale 120 - 883 
Gnowangerup 25 June Duplex sandy loam over clay Kaspa 120 - 1300  
Grass Patch 28 May Shallow Duplex sandy loam over clay Kaspa 80 - 1348 
Parafield 80 - 1312
96*286*1 80 - 967 
# Kaspa 75 refers to Kaspa sown at 75 kg/ha. 
* Kaspa 120 refers to Kaspa sown at 120 kg/ha. 
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Field pea harvesting demonstration at Merredin 
Glen Riethmuller, Greg Shea and Bob French, Department of Agriculture, Western Australia 
Harvesting field peas has been raised as a problem due to low harvest height, wear rates on headers 
due to soil contamination, and the risk of picking up sticks and stones.  With the new semi-leafless 
upright varieties, such as Kaspa and Snowpeak, the problem of soil in the sample and header wear 
may become less important due to increased harvest height. 
Kaspa has been shown to have high yields in the central wheatbelt and should be easier to harvest 
than current varieties, such as Helena.  However, Kaspa is bulky and airy and there have been 
problems with flow on draper/belt fronts.  Given the increase in number of draper/belt front headers in 
WA recently, the bulky nature of upright varieties was seen as a problem for these header fronts.  
Modern seeder bars tend to leave large ridges of soil between rows, which can cause harvest 
problems.  Aggressive rotary harrows and rolling can reduce this problem.  If an upright variety has 
good standability then the need for rolling may be reduced. 
Growers currently tend to harvest their peas last, as high value malt barley is often ready about the 
same time.  Desiccating field peas should allow field peas to be harvested before barley, which should 
reduce header front losses and preserve seed quality.  Also, Kaspa at Esperance in 2003 withstood 
weathering much better than other varieties, so it may be suitable for later harvesting if early 
harvesting is not possible.  Snowpeak has slightly better standability than Kaspa, so was included as 
well. 
Methods 
Seeding rate was adjusted to achieve 50 plants/m2 of all varieties.  Fertiliser was banded below the 
seed at recommended rate for the paddock.  Sown 14 June 2004. 
Three varieties:  Kaspa, Snowpeak and Helena. 
Two seeding methods:  Rolled and unrolled (with Helena always rolled). 
Two harvest times:  Block 1 (plots 1-6) was harvested 26 October after desiccation on 19 October with 
2.0 L/ha Reglone and block 2 (plots 7-12), not desiccated, was harvested on 29 October. 
Two blocks:  There was limited Kaspa seed available.  The early harvest treatments were blocked 
together as wind could blow the residue over the unharvested late harvest treatments. 
All the plots were Phoenix-harrowed but some were unrolled. 
Results 
With help from Elmer Kidson, Merredin Research Station and John Trunfio from Hutton and Northey, 
Merredin we managed to successfully harvest the Kaspa field peas with very low losses using the 
Research Station Case 2366 header with a 36 ft 1040 belt front. 
After testing several variations we managed to find the following points made harvesting work well: 
1. We used Heaslip Pea lifters but other lifters may be equally good. 
2. Run the pick-up reel speed faster than ground speed - this was the key as it teased out the 
crop.  The extra reel speed may knock pods off if the crop is left too late and is very dry.  
Experiment with the speed as crop conditions change - as the crop becomes drier reducing reel 
speed may avoid pod loss. 
3. Move the auger above the feeder-house out to the mid-position - it grabs the peas better.  The 
1040 front has 3 positions.  This helped in the normal type Helena peas as well. 
4. Two wires tensioned with a turnbuckle across the top attached to the reel arms ($4 for 2 
turnbuckles) stopped material building up and going over the back.  The wires ran the full length 
of the front and were held in position in the centre (so not to catch on the hydraulic line) by a 
short piece of tie wire.  The wires also helped in the Helena as well. 
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We didn't try it, but a lupin breaker on each end of the auger above the feeder-house may also help.  
One grower also found a slightly higher mat speed helped too.  
The stubble from Kaspa out the back of the header appeared not as broken-up as the Helena.  If we 
had to stop for a front build-up the stubble pile from the straw spreader may be a problem for the 
seeder, hence the importance of continuously moving forward.   
Those who came to the harvest breakfast on 26 October noticed that some Snowpeak pods were not 
completely threshed, which is shown by the higher losses (also plot 3 had some wild oats) (Table 28).  
The Kaspa was also not completely dry that day so was not harvested but on 29 October all varieties 
were ready.  The rolling seemed to lift yields slightly. 
The Kaspa yield was slightly lower than the Helena and Snowpeak, which probably is due to the 
relatively late sowing with a dry finish to the season.  The Kaspa was probably not mature enough for 
desiccation on 19 October since the seed size indicated it was smaller after desiccation and this would 
have contributed to its lower yield in the desiccated block.  An unusual 18.4 mm of rain recorded on 
21 October probably helped the non-desiccated yield as well. 
Grain losses were only high for some of the first harvested plots due to through-the-machine losses in 
cool damp conditions on 26 October.  By 29 October, losses were around or below the threshold of 
50 kg/ha where sheep would lose weight by grazing. 
Table 28. Harvesting demonstration results, Merredin Research Station 





1 Kaspa unrolled 46.5 Fri. 29 Oct. 2004 0.91 27 143 
2 Kaspa rolled 49.6 Fri. 29 Oct. 2004 0.93 64 139 
3 Helena rolled 65.8 Tue. 26 Oct. 2004 0.96 25 110 
4 Snowpeak rolled 43.1 Tue. 26 Oct. 2004 1.23 174 170 
5 Helena rolled 67.3 Tue. 26 Oct. 2004 1.26 119 115 
6 Snowpeak unrolled 48.1 Tue. 26 Oct. 2004 1.17 135 167 
7 Snowpeak unrolled 48.8 Fri. 29 Oct. 2004 1.35 35 177 
8 Helena rolled 56.5 Fri. 29 Oct. 2004 1.44 27 123 
9 Kaspa unrolled 48.8 Fri. 29 Oct. 2004 1.10 51 155 
10 Snowpeak rolled 46.9 Fri. 29 Oct. 2004 1.46 28 172 
11 Helena rolled 67.3 Fri. 29 Oct. 2004 1.43 24 126 
12 Kaspa rolled 55.4 Fri. 29 Oct. 2004 1.19 36 150 
Conclusions 
1. The semi-leafless field peas were able to be successfully harvested with a belt front with small 
inexpensive modifications and gave very low losses. 
2. Loss levels on 29 October were low enough that there would be little nutritional value for sheep 
in grazing.  Not grazing pea stubbles reduces wind erosion potential. 
3. The sowing date of 14 June may be too late for Kaspa in the eastern wheatbelt.  
 
Does Kaspa respond differently to disease, fungicides, time of sowing or seed 
rate? 
Mark Seymour, Department of Agriculture, Western Australia 
The purpose of this trial was to determine the optimum time of sowing for Kaspa in relation to Dundale 
and to determine if a fungicide regime applied to Kaspa will reduce the incidence and severity of 
blackspot, and if that will lead to increased yield. 
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Three time of sowing experiments were conducted at Mullewa, Merredin and Katanning.  They were 
split-split plot designs with 4 replicates: 
Whole Plots:  Four times of sowing randomised within replicate blocks. 
Sub Plots:  Two varieties (Kaspa and Dundale) randomised within time of sowing whole plots. 
Sub Sub Plots:  Four seed rate/fungicide treatments randomised within variety sub plots – 3 seed 
rates (50, 100 and 150 kg/ha) + 1 fungicide treatment (sow at 100 kg/ha, Impact® fungicide banded 
with fertiliser + 1 spray of 2.5 L/ha of Bravo 6WAS applied with handheld boom) randomised within 
variety blocks. 
The results of the three trials were as follows: 
Mullewa 
It was evident throughout the growing season that many treatments had different levels of blackspot.  
There were clear differences between time of sowing, with plants sown on May 11 having on average 
10-15% of their leaf and stem area damaged by blackspot, with delayed sowing reducing the amount 
of blackspot.  Later sowing dates averaged about 5% or less of leaf or stem area damaged by 
blackspot.  When plants were rated on 20 August, samples were taken from the first TOS which 
showed spores were being produced from infected plants, and it is thought that spores from the first 
TOS and possibly the second TOS were infecting the later times of sowing (known as secondary 
infection), albeit at low levels. 
Dundale had higher levels of blackspot infection than Kaspa, with varietal differences more marked at 
the early times of sowing.  Both varieties responded to the fungicide treatment (Impact-in-Furrow on 
fertiliser at sowing and 2.5 L/ha of Bravo applied 6 weeks after sowing).  Visually Kaspa responded 
more to the fungicide than Dundale, however grain yield obtained at harvest indicates Dundale 
responded more to the fungicide treatment at the first TOS than Kaspa.  Measured response to 
fungicide treatment would not have paid for the cost of the products used.  Impact-in-Furrow at 
400 mL/ha would have cost $22/ha and the Bravo 6WAS would have cost $35/ha.  To breakeven a 
yield response of at least 250 kg/ha was required.   
We observed no difference in blackspot between seeding rates – hence no ratings were taken of 
these treatments.  In the dry conditions the lowest seed rate of 50 kg/ha produced the highest yield or 
equal highest yield at the range of sowing dates. 
Delayed sowing significantly reduced grain yield despite associated lower levels of blackspot.  Sowing 
in June produced less than 0.5 t/ha.  In conditions of very low stored soil moisture (10 mm or less) and 
a dry August and September this was to be expected, and fits in with our current guideline of not 
sowing field peas after 1 June unless there is 100 mm of stored water in the soil profile in low rainfall 
northern districts.  Kaspa is thought to be less well suited to low rainfall conditions, but it performed as 
well or better than Dundale at Mullewa when sown in May, and both varieties (probably all field peas) 
are not well suited to late sowing in low rainfall years in the northern agricultural region. 
Merredin 
Blackspot was at low levels and there were no differences between treatments (ratings data not 
shown).  Dundale was less responsive to time of sowing than Kaspa.  Kaspa sown at the end of May 
outyielded Dundale by 23%, sowing a week later there was no difference between cultivars, whilst with 
further delays Kaspa was lower yielding than Dundale.  Dundale was able to maintain yield from mid 
June sowing whilst Kaspa yield dropped off markedly.  This indicates time of sowing recommendations 
for Kaspa may be slightly different in southern low rainfall environments and farmers should cease to 
sow Kaspa if sowing is delayed into the second half of June. 
In most instances, sowing at 50 kg/ha significantly reduced yield.  There were no significant 
interactions between time of sowing and seed rate/fungicide treatments. 
Katanning 
Observations taken at Katanning indicated that Kaspa had less blackspot than Dundale.  Similarly the 
fungicide treatments had less disease and delaying sowing of both varieties until mid-June significantly 
reduced the level of blackspot. 
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We struggled at the site to adequately control capeweed and clover in the first time of sowing, which 
indicates the importance of delaying sowing to allow a germination in the Great Southern.  
Consequently yields were lower in the first time of sowing, which we attribute more to weed 
competition than any differences in disease. 
Yields of around 1.5 t/ha were obtained from sowing either in the first or second half of June, which 
was expected.  In contrast to Merredin the yield of Kaspa did not decline at a greater rate than 
Dundale when sowing was delayed into mid-late June and July. 
There was a trend for Kaspa to out-yield Dundale, but the differences were not significant (P > 0.05).  
Whilst there were instances where the fungicide treatment led to increased yield, the response was 
only in the order of 100 kg/ha, and in this trial at least, a cheaper way to increase yield was to increase 
seeding rates to 150 kg/ha. 
Table 29. Blackspot rating at Mullewa (20/8/04) and Katanning (14/10/04, GSARI) 
 Rating 1 = < 1; 2 = 1 to 5%; 3 = 10 to 15%; 4 = 50%; and 5 = 75-80% 
Mullewa GSARI 
Dundale Kaspa Dundale Kaspa 
 
 
- Fung + Fung - Fung + Fung 
 
- Fung + Fung - Fung + Fung 
1TOS 11 May 4.0 2.9 3.3 1.7 28 May 3.5 2.8 2.5 1.5 
2TOS 24 May 3.3 2.1 2.7 1.1 4 June 3.0 2.0 2.5 1.5 
3TOS 10 June 2.4 1.5 2.1 0.8 17 June 2.3 1.5 2.0 1.0 
4TOS 21 June 2.2 1.2 2.0 0.8 1 July 2.0 1.0 2.0 1.0 
Mean  3.0 1.9 2.5 1.1  2.7 1.8 2.3 1.3 
Var  2.4 1.8  2.3 1.8 
LSD (P = 0.05). 
Mullewa:  TOS 0.3, Var 0.2, Fung 0.1, Tos.Var ns, Tos.Fung ns, Var.Fung 0.2, Tos.Var.Fung 0.5, 0.4 same 
TOS.Var. 
GSARI:  TOS 0.4, Var 0.2, Fung 0.1, Tos.Var 0.5, 0.4 same TOS, Tos.Fung ns, Var.Fung ns, Tos.Var.Fung ns. 
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Figure 16. Time of sowing x fungicide interactions for Dundale and Kaspa at Mullewa, Katanning and 
Merredin in 2004.  Vertical bars indicate LSD (P = 0.05). 
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Figure 17. Time of sowing x seeding rate interactions for Kaspa and Dundale at Mullewa, Merredin and 
Katanning 2004.  Vertical bars indicate LSD (P = 0.05). 
Seed rate 
Kaspa was no more responsive to seeding rate than Dundale at Mullewa and Merredin.  At Katanning, 
Kaspa tended to achieve highest yields at the highest seeding rate of 150 kg/ha = 60 plants/m².  
Increasing seeding rates of Kaspa to 150 kg/ha when sowing was delayed until July achieved yields 
similar to a more normal sowing rate of 100 kg/ha sown in mid June.  This perhaps indicates in 
medium rainfall areas growers can compensate for very late sowing dates by increasing seeding rate.  
This does not appear a viable option for low rainfall conditions/regions.  
Conclusion 
The results of these trials confirms earlier work by DAWA that on occasions Impact-in-Furrow and a 
follow up foliar fungicide can reduce blackspot in field pea, but that the yield responses are low and 
uneconomic. 
Kaspa is currently recommended only for areas receiving more than 400 mm annual rainfall.  The 
results from Merredin in 2004 show that the yield of Kaspa decreases rapidly if sowing is delayed into 
the second half of June compared to Dundale.  This is suggesting that Kaspa may be less stable in 
yield in low rainfall southern areas than Dundale and other trailing types.  Limited farmer experience 
with Kaspa in the low rainfall southern area also suggests Kaspa may be poorly suited to this area 
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however until more research and local experience is acquired no definitive recommendation can be 
made.  In low rainfall northern areas if sub soil moisture levels are low field pea will yield poorly if 
sowing is delayed into June regardless of variety due to the very short growing season 
These trials confirm that blackspot infects Kaspa less than trailing types such as Dundale, or at least 
the expression of the disease is less with Kaspa.  Differences between varieties were however only in 
the order of 5% less leaf or stem area affected, consequently differences between the yield of varieties 
was not always closely related to disease levels.  The data from these experiments will be used to 
further refine the ‘Blackspot Manager’ model designed by Moin Salam and Jean Galloway and to 
determine if the slight improvement in disease resistance of Kaspa can result in earlier sowing time 
recommendations for low rainfall areas. 
The suggested seeding rate for Kaspa of 120 kg/ha appears adequate in most parts of the State, and 
growers in medium rainfall areas will only benefit from higher seeding rates when sowing is delayed 
into late June/early July. 
 
Field pea responds to foliar Manganese in mallee district 
Mark Seymour, Department of Agriculture, Western Australia 
The purpose of this trial was to determine if nutrients are limiting to the growth and yield of field pea.  
The trial was conducted at two sites:  Scaddan, which had a soil type of alkaline sandy loam (pH 7.8) 
and Katanning, which had a soil type of shallow duplex (pH 5.4).  Detailed soil analyses are available 
from author.  The trial consisted of a randomised block with 9 nutrient treatments randomised within 4 
replicate blocks (Table 30). 
Table 30. Trial treatments 
No. Name At sowing* per ha 4-6 WAS 6WAS 
1 Nil Nil fert   
2 Full* 100 kg Summit Pasture CZM + 36 kg Urea + 5.6 kg Agsul90 50 kg MOP (K) Full Foliar 
3 -K 100 kg Summit Pasture CZM + 36 kg Urea + 5.6 kg Agsul90 -K Full Foliar 
4 -Cu 100 kg Summit Pasture CZM + 36 kg Urea + 5.6 kg Agsul90 50 kg MOP (K) Full Foliar -Cu 
5 -Mn 100 kg Summit Pasture CZM + 36 kg Urea + 5.6 kg Agsul90 50 kg MOP (K) Full Foliar -Mn 
6 -Zn 100 kg Summit Pasture CZM + 36 kg Urea + 5.6 kg Agsul90 50 kg MOP (K) Full Foliar -Zn 
7 -Fe 100 kg Summit Pasture CZM + 36 kg Urea + 5.6 kg Agsul90 50 kg MOP (K) Full Foliar -Fe 
8 -N 100 kg Summit Pasture CZM + 36 kg Urea + 5.6 kg Agsul90 50 kg MOP (K) Full foliar 
9 -Trace at Seeding -N 100 kg Summit Pasture 50 kg MOP (K) Full foliar 
* Deep banded 3-5 cm below seed. 
Summit Pasture CZM contains 18.7%P, 5.1%S, 13.6% Ca, 1.29% Cu, 0.62% Zn, 0.08% Mo.  Summit 
Pasture contains 18.3% P, 10% S, 14% Ca.  Sulphur applied as Summit Agsul90 (90% Sulphur) at 
5.6 kg/ha.  Potassium applied by hand 4-6 WAS as muriate of potash (MOP).   
Foliar sprays applied 6WAS, total water volume applied as 100 L/ha.  Products and rates used were:  
1.5 L/ha of Coppersol (77% w/w Water and 23% solids made up of:  Copper Sulphate (pentahydrate) 
26.8,  as copper sulphate (6.7%), Sulphur 3.4%);  6.5 L/ha of Mangasol (49% w/w Water and 51% 
solids made up of:  Manganese sulphate (tetrahydrate) 71.8% Manganese as manganese sulphate 
17.3%, Sulphur 10.1%);  2 L/ha of. Zincsol (46% w/w Water % 54% solids made up of: Zinc Sulphate 
(heptahydrate) 74.2%, as zinc sulphate 16.7%, Sulphur 8.2%); 1 kg/ha  Phosyn Iron Chelate 132 
(13.2% Fe). 
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Results 
At Scaddan the nil treatment and no manganese treatment produced 10% and 16% less yield 
respectively than the full treatment.  This indicates that on the alkaline sandy loams of the Esperance 
mallee farmers may benefit by applying manganese around the time they apply their grass herbicides.  
This is not the first time we have observed a manganese response in field pea.  In 1999 tissue tests of 
field pea at Grass Patch indicated Mn may have been low and we observed a trend for a manganese 
foliar spray to increase yield, although the response was only significant at P = 0.10. 
Tissue tests taken during the 2004 growing season did not conclusively show differences between 
treatments (data not shown), and indeed both plus and minus manganese treatments at Scaddan had 
only 10 ppm of Mn in the YOL at flowering, which is 1/3 what is considered adequate in the literature.  
It remains to be seen if higher rates or applications of Mn to field pea later in the season, at flowering 
or podding can result in further yield improvements. 
Field pea did not respond to any other nutrient applied either at seeding or at 3-5 nodes.  Similarly 
there was no response to any nutrient at Katanning, indicating the manganese response in field pea 
may be limited to alkaline soils where cereals also show responses to applied manganese. 
Table 31. Grain yield of Kaspa peas (kg/ha and % of Full treatment) from nutrient omission experiments 
at Scaddan and Katanning, 2004 
Scaddan Katanning 
Treatment  
GY % of Full GY % of Full 
1 Nil 1019 90 1000 80 
2 Full 1132 100 1250 100 
3 -K 1075 95 1265 101 
4 -Cu 1097 97 1098 88 
5 -Mn 953 84 1182 95 
6 -Zn 1149 102 1076 86 
7 -Fe 1118 99 1076 86 
8 -Nitrogen 1043 92 1205 96 
9 -Nitrogen - Trace elements at sowing 1101 97 1091 87 
 Prob. 0.019  0.309  
 LSD (P = 0.05) 104 9 235 19 
 CV%     
 Rep 5  3  
 Rep.*Units* 7  14  
Conclusion 
6.5 L Mangasol/ha increased the yield of Kaspa field pea at Scaddan by 16%.  The soil was an 
alkaline sandy loam (pH 7.8), spray was applied 47 days after sowing when plants were at 3-5 node 
stage.  There was no response to foliar manganese at Katanning.  Other foliar treatments including 
iron, zinc, copper had no effect on yield at both sites.  Phosphorus, nitrogen and micronutrients 
applied at sowing had no significant effect on yield at either site.  Potassium topdressed 4-6 weeks 
after sowing had no significant effect on yield. 
 
Kaspa harvesting observations 2004 
Mark Seymour, Ian Pritchard, Glen Riethmuller, Department of Agriculture, Western Australia 
Kaspa field pea continues to create great interest in WA, with its performance, improved harvesting 
ability/height and almost non-existent harvest losses.  As field pea /Kaspa harvesting is a major 
concern/issue with growers, members of the field pea project have talked to a number of Kaspa 
growers regarding harvest and/or attended the harvest of Kaspa crops.  The comments/observations 
from these Kaspa growers are given below and a summary is presented (Table 32). 
Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
60 
2004 has highlighted many harvesting issues with Kaspa field peas:  some old, some new.  However 
2004 has also highlighted many solutions that do work, which are relatively inexpensive and make the 
harvesting of semi-leafless field peas like Kaspa no greater task than harvesting cereals. 
Conventional headers with table auger fronts and lifters worked well in crops yielding 1.0-1.3 t/ha. 
The make of the crop lifter is a personal choice/what is readily available/ type of header selection 
combination question. In general the heavier lifters tend to disturb more soil than the lighter lifters. 
Finger tine reels are also suggested – even though fronts without any type of reel harvested Kaspa 
crops very successfully in 2004, speed however was an issue at only 4 to 6 km/h. 
Lupin breakers are also suggested to increase the aggressiveness of the table auger. 
Conventional headers with table auger fronts either with barrel/cylinder type pluckers (Smale, Sund) or 
belt type pluckers (Knuckey) successfully harvested Kaspa field peas.  Pluckers performed best as the 
temperature increased during the day as the Kaspa was plucked easier from the ground. 
Header set-up/modifications appeared to determine harvest speed. 
• Sund plucker without reel:  4 to 5 km/h. 
• Smale type plucker, lupin breakers fitted to table auger:  6 km/h which suited the old header 
very well in a 1 t/ha crop, without lupin breakers the crop was not able to be harvested. 
• Smale type plucker with a 380 mm (15 inch) diameter raised cross auger (barrel/housing, etc. of 
batt reel) above table auger:  an impressive 11 km/h in a 1.2 t/ha crop. 
Headers with draper/belt fronts appear to have the greatest difficulty in successfully harvesting Kaspa 
due to Kaspa’s large volume to weight ratio resulting in the harvested material sitting on top of the 
belts and not feeding across into the broad elevator. 
Fronts which rely on gravity to feed material into the broad elevator (feeder house auger set well back 
and low) have the greatest issues with material not feeding into the broad elevator.  Harvested 
material needs to be aggressively pulled into the broad elevator, e.g. paddles on cross auger (set 
feeder house auger well forward, retractable fingers, auger with lupin breakers, etc.). 
As a general comment any modification which creates downward pressure on the harvested material 
or uses force to move the harvested material will help material feed into the broad elevator. 
Raised cross augers:  Cross augers set above the belts on the draper fronts alone do not work well in 
good growth/low yield crops.  
Raised cross augers with paddles:  Replacing or adding paddles to the auger flighting in the centre 
improved the flow of harvested material feeding into the broad elevator.  Feedback from those who 
have fitted them has been very positive.  Paddles could be metal fins or even heavy rubber belting.  
This would also be worth fitting to swathers. 
Wire fence:  One or two lengths of fencing wire across the length of the draper front strung above and 
at the back of the front.  Comments from growers ranged from “we eventually got the job done but its 
not the way to go - not reliable” to "its a nightmare" or "a joke".  However wire or rods may be a useful 
addition to raised cross augers to stop harvested material from going over the rear of the front when 
material gets behind the cross or table auger.  Again the size/speed of the operation will determine the 
relative success of this modification.  Maybe best suited to lower yielding/low bulk crops, particularly 
travelling into the wind. 
Adjusting reel speed, angle, etc. can improve things, i.e. from only stopping every 100 m and not 50 m 
but does not change a poor setup into a good one. 
A number of growers in the Esperance region in particular have persisted with swathing due to the 
size of their field pea programme.  Swathing itself is a similar problem to a draper front harvest - but 
not quite as bad due to slightly heavier plants at swathing.  
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Grower remedies subsequently were also the same, i.e. Cross top augers, Cross top augers with 
paddles and one suggestion yet to be tried is a top belt near exit hole of draper. 
All field pea swaths must be rolled with a cotton reel/canola roller.  Field pea swaths can be very bulky 
so adjust swath and weight of roller to produce a stable swath. 
There are a number of positives for swathing semi-leafless Kaspa types: 
• Makes an excellent swath - much better than other varieties. 
• Less risk of blowing, the Esperance region experienced strong winds in 2004 and the only 
material that moved was where willy-willies had moved through the paddock - swath moved out 
of line but no appreciable losses were experienced.  Comments from growers were that Kaspa 
swaths were as stable as or even more stable than cereal swaths. 
The only risk, which is foreseen, is with extended wet weather on the dense swath causing possible 
quality problems. 
Reports on harvesting Kaspa at Esperance with a flexi-front were very positive – would not expect too 
many problems with this type of front as it is widely used in Canada where semi-leafless field pea 
varieties similar to Kaspa dominate. 
Table 32. Suggested harvest settings/modifications for trailing and semi-leafless field pea 
 Trailing 
Dunwa, Helena, Parafield. 
Semi-leafless# 
Kaspa, Yarrum, Moonlight 
Harvest timing  Cool conditions. 
 
At beginning of program. 
Warm conditions – sugar pod/plant trait 
makes the vines ropey and hard to 
thresh and chop in cool/damp conditions. 
Harvest may be delayed provided pea 
weevil management and marketing is not 
compromised. 
Crop lifters Essential. May be possible to remove lifters if crop 
is upright – resulting in less dirt in 
sample. 
Finger tyne adjustment Tilted back slightly to assist lifting of 
material. 
Set in vertical position to force material 
down and onto draper fronts. 
Reel speed 1.1 times ground speed. 1.0 to 1.3 times ground speed. 
Raised cross auger  
 
Raised cross auger with 
paddles on middle 
section 
Not required in most crops. 
 
Not required in most crops. 
Essential for draper fronts -improves 
speed of harvest of pluckers. 
Essential for draper fronts. 
Lupin breakers Not required in most crops. Useful addition to raised cross auger for 
draper fronts and table auger for 
conventional fronts. 
Essential addition for table auger of 
plucker fronts if no raised cross auger 
fitted. 
Position of broad 
elevator feeder house 
auger 
Setback. Moving feeder house auger forward may 
reduce blockages. 
Stripper plate Not required in most crops. Thought to be a useful addition to stop 
material building up behind raised cross 
augers and going over the rear of the 
table. 
Flexible fingers above 
plucker 
Useful addition. Useful addition. 
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Table 32 continued … 
 Trailing 
Dunwa, Helena, Parafield. 
Semi-leafless# 
Kaspa, Yarrum, Moonlight 
Wire fence across back 
of fronts 
Useful addition. May assist in light crops but not a reliable 
method compared to raised cross auger 
fitted with paddles. 
Crop dividing coulters Useful addition. Most setups will benefit, particularly with 
relatively short crop dividers. 
Drum or rotor speed Low, 300-600 rpm, depends on drum or 
rotor diameter. 
Low, 300-600 rpm, depends on drum or 
rotor diameter. 
Engine capacity Normal. More power may be required. 
Concave setting Easy to thresh, 10-25 mm. Ensure concave wire gaps are at least 7 
mm and not blocked.  The extra time 
taken for the increased dry matter to be 
threshed may lead to seed damage if the 
concave is incorrectly set when sieves 
blocked. 
Fan speed 60-75% (start at 75%). 60-75% (start at 75%) 
Screens Crop is likely to pick up dirt – fit clean 
grain, repeat and outloading auger 
screens to remove dirt wherever 
possible. 
Correct screen size is required or 
damage will occur due to increased 
threshing time. 
Top sieve 20-25 mm (start at 25 mm). 20-25 mm (start at 25 mm) 
Bottom sieve 10-15 mm (start at 15 mm). 10-15 mm (start at 15 mm) 
Straw chopper Useful addition. Essential due to the rope-like nature of 
the vine. 
Straw spreader Useful addition, unless baling stubble. Essential, may need extra throwing 
paddles. 
# Not suitable for semi-leafless peas which shed such as Snowpeak, 96*286*1. 
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Swathing Kaspa with self propelled draper swather, 
Wittenoom Hills 20 October 2004. 
Cotton reel roller squashing Kaspa swaths, Wittenoom 
Hills 20 October 2004. 
Picking up Kaspa swaths, Wittenoom Hills 9 November 
2004. 
Barrel plucker attached to open front.  Farmer has 
removed batts from reel and added spirals to the 
380 mm barrel to make a very effective cross auger. 
Barrel plucker with cross auger harvesting Kaspa at 
9-11 km/hr, Coomalbidgup 14 November 2004. 
Similar barrel plucker with lupin breakers fitted to table 
auger.  Harvesting was slower at 6 km/hr. 
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Moving the broad elevator auger forward can improve 
feeding of light material into harvester. 
Wire across draper fronts can improve flow of material 
in light crops.  It is an unreliable method on its own but 
may be a useful addition behind cross augers. 
Cross augers, and adding paddles to the centre 
section, can improve the flow of light material on 
draper fronts. 
 
Adding paddles to the centre section of the cross auger 
improves the flow of material into the harvester. 
Draper front fitted with cross augers and paddles 
harvesting Kaspa at Wittenoom Hills, 9 November 
2004. 
Open fronts with table augers (tin fronts) fitted with 
finger tine reel and lifters are well suited to harvesting 
Kaspa. 
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‘Blackspot Manager’ for understanding blackspot of peas and ascochyta blight 
management 
Moin Salam and Jean Galloway, Department of Agriculture, Western Australia 
Summary 
Based on pre-seasonal temperature and rainfall, the ‘Blackspot Manager’ forecasts onset and 
progression of spores from infected field pea stubble, and incidence and frequency of ascospore 
showers during the growing season.  To estimate the spread of the disease in the current year from 
the sources of infection, the model assesses proximity to the previous season’s pea stubble, current 
season’s rainfall, wind speed and direction.  A similar model is being developed for ascochyta blight 
management in chickpea. 
Context of the model 
Blackspot caused by Mycosphaerella pinodes is the most destructive foliar pathogen of field peas in 
Western Australia (WA).  The disease causes considerable yield loss in the major field pea growing 
countries of the world.  The amount of yield loss in WA is mainly driven by primary infection, 
i.e. spread of wind-borne ascospores from the infected pea stubble of previous seasons’ crops.  The 
dispersal process is often referred to as ‘ascospore showers’. 
For two main reasons, management of blackspot in WA relies on agronomic practices.  Firstly, 
varieties with robust resistance are not available, and secondly, use of fungicides is generally not 
economically viable.  The relevant agronomic practices include, burial or otherwise destroying infected 
stubble, spatial separation of paddocks from past seasons’ infected stubble, adoption of a suitable 
crop rotation, and choosing a time of sowing that will avoid the peak of the ‘ascospore showers’.  
Destruction of stubble is not generally practised and may not be suitable for many farm situations. 
Biophysical characteristics of the pathogen - when the ascospores will mature on infected stubble, 
how long the stubble will keep producing mature ascospores and how far the ascospores will travel 
from the source of infection - play an important role in making agronomic decisions.  Research done in 
Western Australia and elsewhere has enabled us to develop a spatio-temporal computer model that 
uses weather data to predict the time of onset and then progression of ascospore discharge and 
finally, the dispersal of ascospores from their source.  The model ‘Blackspot Manager’ has been tested 
under farmer’s conditions in the field pea growing areas (in four locations for ascospore maturity and 
one location for disease spread) of Western Australia. 
Applying the model:  worked examples 
The model is being used in two ways.  Firstly, it helps farmers to make strategic decisions.  The model 
shows the spread of the disease across a farming region based on the last several years’ field pea 
history.  The model helps farmers to pick the right paddocks to keep enough distance from potential 
sources of infection.  A case study has been undertaken in the Scaddan district over a 40 km x 40 km 
area consisting of over 700 paddocks (Figure 19).  The model assists farmers to choose how they will 
rotate field peas in their paddocks so that they won’t get “stuck in a corner” where peas are scheduled 
for planting in a high-risk location.  Secondly, the model helps to make tactical decisions about when 
to sow this year’s crop.  It predicts the likely ascospore-load at different times of sowing in the major 
field pea growing areas of Western Australia, based on the weather to date and projecting forward 
using historical weather data.  This prediction is updated every week, beginning a month ahead of the 
cropping season, and is delivered to farmers via the Web, PestFax and AgMemos.  
Modelling on ascochyta blight management in chickpeas 
Research done in Western Australia has generated data on the timing of ascospore maturity of the 
fungus causing ascochyta blight in chickpeas (Table 33).  This data will be used to further refine and 
validate the ‘Chickpea Blight Appraisal’ model.  The concept of this model is to provide growers with a 
prediction of when ascospore showers are likely to occur, so that time of sowing and fungicide spray 
applications can be optimised to reduce the risk of yield limiting levels of ascochyta blight. 
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Table 33. Potential ascospores a crop may encounter in relation to time of sowing – an example of a 
forecast from ‘Blackspot Manager’ during early March (expressed as a percentage of total 
seasonal ascospores release when sown at different times) 
 Range of released ascospores (% of seasonal total)  a field pea crop may encounter if sown on 
District Early-May Mid-May End-May/ Early-June Mid-June 
End-June/ 
Early-July Mid-July 
Scaddan       
2004 33-12 29-13 27-3 17-1 4-0 0-0 
2003 45 20 8 2 0 0 
Pingrup       
2004 92-37 91-23 81-12 53-4 47-1 32-1 
2003 69 60 50 40 7 2 
Kondinin       
2004 90-78 90-53 73-37 65-22 45-7 24-1 
2003 68 41 26 17 4 0 
Northam       
2004 92-85 92-70 89-43 75-30 63-7 25-1 
2003 47 24 10 6 1 0 
Merredin       
2004 69-52 55-42 43-16 34-4 18-1 6-0 
2003 63 28 22 10 2 0 
Morawa       
2004 73-69 73-58 71-40 65-18 56-6 27-1 
2003 96 78 64 55 26 10 
Mingenew       
2004 92-90 92-66 89-66 78-34 66-9 30-2 
2003 93 70 55 40 14 3 
Moora       
2004 92-83 92-59 88-32 75-21 61-5 23-1 
2003 89 62 38 28 8 2 
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Figure 19. The spread of blackspot spores, as predicted by the ‘Blackspot Manager’ for the season 2004 
at Scaddan. 
 
250,000 ha of field pea in WA – Is it sustainable?  
Larn McMurray1 and Mark Seymour2 
1South Australian Research and Development Institute  
2Department of Agriculture, Western Australia 
Pea production in South Australia (SA) 
Field peas (Pisum sativum L.) are and historically have been the major pulse crop grown in SA.  Peas 
are grown over a range of soil types in the > 350 mm annual rainfall zones of the cropping area.  Field 
peas are widely grown as they are more adaptable than other pulses to a wider range of soil types and 
rainfall, can be handled with normal cereal growing machinery, have more in-crop herbicide options 
than other pulses, fit readily into any cereal rotation and are better adapted to lower rainfall areas than 
any other pulse.  A rapid rise in pea area occurred in SA from the mid-1980s through to a peak in area 
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in 1994.  The major reasons for this increase was due to improved agronomic management packages, 
the acknowledgement of the value of a break crop in intense rotations and the presence of market 
infrastructures. 
Traditionally peas have been grown on the better soils (loams and clay loams) in the Mid North and 
Yorke Peninsula areas of SA.  In 1983 40,000 ha of field peas were grown in SA and this increased to 
a peak of 155,000 ha in 1994 (6% of total cropping area), however over this same time average yields 
fell by 30%.  Major reasons for this decline in yields are an increase in disease levels (blackspot, 
downy mildew), weed competition and associated management issues and increased production 
levels in less favourable areas.  Since 1994 area sown to peas in SA has been stable and ranged 
annually from 112,000 ha to 146,000 ha with an average of 124,000 ha.  Production has averaged 
175,000 tonnes over this area and has been made up almost entirely of dun types (Dundale, Early 
Dun, Alma, Glenroy, Parafield) although small areas of the white pea types Laura, Mukta and to a 
lesser extent Santi and Bohatyr have occurred.  
Pea production in the traditional areas of the Mid North and Yorke Peninsula dropped from 105,000 ha 
in 1994 (intensity of 6.2% of total farm area) to 87,000 ha in 2004 (intensity of 5.1%), but fell to a ten 
year low of 63,000 ha (intensity of 3.7%) in 2001.  This reduction in pea area has largely been 
replaced with higher value pulse crops like lentils, beans and chickpeas and also alternative break 
crops like canola. 
The release of the high yielding variety Parafield in 1999 renewed interest in field peas.  It quickly 
became the dominant pea grown in SA as it is broadly adapted and its maturity time is ideally suited to 
successfully crop-topping resistant rye grass with negligible yield loss.  The recent release of Kaspa 
has again stimulated interest in peas due to higher yields, downy mildew resistance and improved 
standing ability. 
Lack of continued expansion 
Disease 
• The incidence of Blackspot and downy mildew increased as peas intensified in the rotation.   
• The impact of blackspot increased as pea stubbles become more prevalent in these intense pea 
growing areas.  Intensity of peas in the Mid North and Yorke Peninsula increased to 6.2% of the 
whole farm area in 1994, but was likely to be much higher within local regions and was 
responsible for generating high levels of inoculum which either reduced pea yields or forced a 
delay in sowing time.  Blackspot levels have been at manageable levels over the past 5 years 
with pea crop intensity levels around 4-5%, however delayed sowing, expanded rotations and 
careful paddock selection has also helped to reduce disease severity. 
• An increase in the use of in-crop herbicides occurred as peas intensified in the rotation and 
many of these are linked to an increase in the severity of blackspot infection. 
• Until the release of Kaspa in 2003 the main varieties grown in SA were all susceptible to downy 
mildew.  Once downy mildew became present in a paddock epidemics occurred in years with 
prolonged cold wet conditions during winter.  The use of seed dressings to prevent downy 
mildew has been limited in SA.  
Weeds/herbicides 
• A reliance on selective grass herbicides in cropping rotations led to widespread resistant 
ryegrass throughout most of the pea growing area, resistant ryegrass control became essential 
in all phases of the rotation.  
• Prior to the release of Parafield, communications from consultants indicated approximately 90% 
of pea growers in the Mid North who practised crop topping to control resistant rye grass in peas 
regularly suffered yield loss with late maturing varieties like Alma and Dundale.  
• Peas are poor weed competitors not only early on in the season when they fail to cover the 
ground quickly but also late in the season where trailing types fall over in early spring and 
expose large areas of the ground to light.  This late season poor competition allows rye grass to 
tiller out and set high numbers of seed but also allows broad leaf weeds (bedstraw, bifora, 
vetch, tares, radish, mustard and turnip) to grow rapidly and set seed.  This has led to a  high 
dependence on in crop herbicide use which can exacerbate black spot infections but also cause 
plant injury/death and reduce yields. 
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Adaptation 
• Lower average yields occurred as peas became more frequent in areas where paddock 
uniformity decreased and areas prone to water logging, boron, poor soil structure and weed 
infestations increased. 
• Peas also were being grown in less favourable environments and variable yields occurred due 
to peas greater sensitivity than cereals to heat stress and frost. 
• Tall trailing types, i.e. Alma and Dundale were not well adapted to long growing season areas or 
high rainfall years due excessive vegetative growth leading to juvenile lodging, shading of 
flowers and pods, high disease levels and general rotting of plants. 
• High erosion risk makes them unsuitable to large areas of lighter sandy soils and growers who 
wanted to continue to carry stock. 
Snails/insects 
• In some areas of SA snails have prevented peas from being grown.  White snails (vineyard or 
common white and the white Italian snail) and conical snails (pointed and small pointed). 
• Snails breed very effectively in peas, cause significant damage to young pea seedlings and the 
most extreme cases of grain contamination at harvest also occur in peas.  
• Snails are wide spread in SA but predominate on the neutral to alkaline grey calcareous soils.  
Snail management strategies now exist for controlling snails peas are still seen as a weak link in 
the control cycle. 
• Farmers have been caught out trying to control both Pea weevil and budworm by applying only 
one insecticide spray.  The insecticide has been applied at a time suitable for pea weevil control 
– full flowering/1st pod.  Flights of budworm have occurred later in the season and the new 
growth including rapidly filling pods is unprotected and prone to budworm attack. 
Costs 
• Higher input prices compared with cereals made peas a greater risk in low rainfall areas and in 
areas prone to crop failure through frost and drought. 
• In low rainfall areas growers have been reluctant to use more than one spray for insects, often 
leading to poor control.   
Competing crops 
• In the more reliable pulse growing districts the emergence of higher valued crops (beans, 
chickpeas, lentils) have pushed peas (lower value) out of the rotation. 
• Canola and export hay has provided many growers with alternative break options. 
Harvesting issues 
• Harvest difficulties on uneven, stony and rough ground. 
• Dirt and snail contamination often has led to the need for re-cleaning. 
• Seen as a high time cost involved due to harvester cleaning and set up and often have to be 
harvested in one direction to get all yield. 
Field pea production in SA –  the future 
Despite the above limitations peas continue as the main pulse crop in SA indicating the broad 
adaptation and significant benefits of this crop in the rotation.  The varieties Parafield and Kaspa have 
stimulated renewed interest in growing peas in traditional areas and these varieties combined with 
improved understanding of management strategies required for disease control are likely to lead to 
increased yields. 
Current breeding is targeting peas with high yields, similar maturity to Parafield and Kaspa but with a 
range of flowering times, multiple disease resistance to powdery mildew and downy mildew, increased 
resistance to black spot, tolerance to commonly used herbicides, pod shatter resistance and increased 
resistance to lodging.  However ongoing breeding improvements combined with improved agronomic 
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practices will still be required for peas to remain a viable and sustainable crop in the production 
system.  Areas being addressed are: 
Weed management:  Resistant rye grass needs to be totally controlled in the year peas are grown.  
Earlier maturing varieties like Kaspa and Parafield have aided this process as in most years they can 
be successfully crop topped with negligible yield loss.  Late maturing varieties regardless of yield 
benefits are not likely to be widely up taken by growers.   
Herbicide tolerance trials to alert growers to new varieties with sensitivities to commonly used 
broadleaf herbicides are ongoing.  The national field pea breeding program is now incorporating 
herbicide tolerance screening as a selection tool in its breeding methodology to avoid the release of 
sensitive varieties and select varieties with greater tolerance.  Pea types with high levels of early 
season vigour and those that remain upright till maturity increasing competition with late season 
weeds are being preferred. 
Disease:  A number of varieties with downy mildew resistance exist and have reduced the need for a 
Metalaxyl seed dressing.  SA growers have been slow in reacting to downy mildew and yield losses to 
this disease have been regular in recent years due to the reluctance of many of them to use a seed 
dressing.  The release of Kaspa will reduce the effect of downy mildew, however we will need to be 
careful to avoid resistance breakdown to this disease which has occurred in Europe.  
Blackspot continues to be the major limitation in existing pea areas and one of the major limitations in 
potential expansion areas, either through direct yield loss or due to delaying sowing time to reduce 
disease levels.  Resistance to this disease complex is controlled by minor genes and a long term 
selection strategy is required.  Work is ongoing and some progress has been made, it continues to be 
a major focus of the national breeding program.  Management strategies like delaying sowing, 
selecting paddocks away from infected pea stubbles and spreading out peas in the rotation continue 
to be the only ways to avoid yield loss to the disease.  Delaying sowing is often ineffective in years 
with late breaks and also has to be offset with reduced yields in low rainfall areas or areas prone to 
high temperatures during early spring. 
Bacterial blight has been found in small areas of SA but has been more predominant in Victoria and 
New South Wales.  It is mainly an issue in areas that have regular vegetative frosts.  The bacteria is 
mainly seed borne but may also be in the environment surviving on clovers, medics, lucerne or 
broadleaf weeds.  Kaspa has been badly affected in the diseased areas but all commercial varieties 
are susceptible to the disease.  Breeding for resistance will be an aim of the national breeding 
program and management experiments to understand variety susceptibilities are planned in Victoria 
this year. 
Reduced inputs:  Reducing input costs are vital to economic production particularly in low rainfall 
areas.  Resistance to pea weevil and native bud worm would be major benefits to increasing economic 
returns.  
Germplasm enhancement:  Peas are clearly the best suited pulse to low rainfall areas in SA 
(< 350 mm annual rainfall) mainly due to their high dry matter production during winter and 
comparatively early and rapid pod filling.  Opportunity for large scale expansion of peas into these 
areas exists in SA however major improvements to the current pea germplasm are required to 
stabilise yields in these environments.  Varieties with tolerance to frost and high temperatures during 
flowering and pod fill, tolerance to hostile subsoils (salinity, boron and sodicity) and resistance to black 
spot are needed.  The national pea breeding program is proposing a pre-breeding phase which will 
target these traits.  Germplasm collection, phenotypic screening and introgression of 
tolerance/resistance into cultivated species and eventually adapted material is proposed to overcome 
these major limitations and provide more robust pea varieties for these environments.  A variety 
combining all of these traits is at least 10 years away. 
The Western Australian outlook 
An unprecedented volume of field pea seed has been ordered for planting in 2005, which indicates a 
substantial increase in the area sown to field pea over the next few years.  Seed sales of Kaspa alone 
indicate there will be sufficient seed to sow 250,000 ha in 2006.  A large percentage of growers will 
have never grown field pea before or have not grown field pea for many years. 
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The target area for field pea in WA is the medium to high rainfall southern areas.  Improved tolerance 
to frost and/or end of season drought is required if field pea is to become a stable part of production in 
low rainfall areas. 
Many of the issues field pea producers in South Australia have faced have direct relevance to WA 
conditions and we can learn from their experiences, successes and failures.  There are a number of 
tools available to growers and their advisers to plan where and when to sow field pea in order to 
reduce production risks. 
The 'blackspot manager' computer model can be used to predict likely scenarios for a range of 
locations in WA.  Some scenarios to consider include frequency and density of field pea in a 
shire/locality/farm, altering risk profile by sowing early, what happens in a wet year.  The 
frequency/density of field pea in WA (4%) is unlikely to reach the proportions that caused major 
disease issues in South Australia (6% or higher).  Of most concern to DAWA is the idea that growers 
can simply replace lupin with field pea – sowing field pea in early May in most parts of WA will result in 
severe blackspot epidemics and the collapse of the crop. 
The WA season finishes 7-14 days earlier than the field pea growing regions of SA.  Thus growers in 
WA have enjoyed more success in using croptopping of field pea as a tool in managing both ryegrass 
and wild radish.  Fortunately in WA, bifora and bedstraw are not widely found and consequently WA 
field pea crops do not usually require high rates of damaging post emergent herbicides such as MCPA 
mixes.  Therefore the current attitude in WA is that field pea is the best grain legume option for 
managing both grasses and broad leaf weeds.  However, it is important we are not complacent and 
continue to improve the crops tolerance to existing and novel herbicides.  Snails are likely to only be 
an issue in the mallee region of south east WA where adequate lime levels in the soil favour snail 
populations, and in this area surveillance and appropriate management are required and being 
undertaken. 
In WA bacterial blight has occasionally been found in seed crops and trials, but never at damaging 
levels.  It will be important to maintain good seed hygiene practices as the industry develops to ensure 
bacterial blight does not become an issue.  It is only in recent years that downy mildew, has been 
widely found in WA field crops, but again never at damaging levels.  As seen with Kaspa, genetic 
resistance is available.  The strategies suggested for blackspot management of isolation and rotation 
are likely to be of some benefit in reducing the incidence and severity of downy mildew. 
Harvesting is still a major issue for field pea growers.  Harvesting semi-leafless field pea varieties like 
Kaspa is different to harvesting trailing field pea varieties like Dundale.  DAWA staff have been active 
in sourcing information from experience growers of the better harvesting setups for Kaspa.  
Currently the area sown to field pea in WA is less than 100,000 ha.  We anticipate the field pea area 
could grow to 250,000 ha in medium and high rainfall areas of southern WA by 2006.  It is clear from 
the South Australian experience that field pea yields could decline in WA as the area expands if 
farmers ignore time of sowing, rotation and isolation recommendations – the basis of good blackspot 
management.  DAWA believes that there are good sources of information available to ensure growers 
and their advisers are aware of the risks and how to manage them.   
For the area to exceed 250,000 ha in WA, and for it to expand in SA, varieties better suited to low 
rainfall conditions must become available.  This is a challenge to breeders, and the support teams 
involved in germplasm enhancement, to develop lines with improved frost and drought tolerance. 
Desi chickpea 
Wayne Parker, Department of Agriculture, Western Australia 
The Chickpea Update in September of 2004 saw the release of varieties Rupali and Sonali.  Current 
stocks of Rupali and Sonali, after a moderate bulk up in 2004, stand at 4 and 15 tonne respectively.  
Unfortunately the rainfall did not favour pod fill at the end of the season, as a result yields did not give 
true indication of their potential.  Yield from trials of Sonali ranged from almost 2.0 t/ha in Carnamah to 
700 kg/ha at Mullewa where rainfall was 188 mm.  Rupali was lower yielding at 1.7 t/ha and 600 kg/ha 
at these sites.  While trial yields were reasonable the risk associated with return from chickpeas will be 
difficult to justify for many growers after what was a lean cropping year in 2004 in the major chickpea 
growing regions. 
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Positive movements in breeding are integrating good ascochyta resistance.  The two new varieties 
require fungicide seed treatment then a spray application three to four  weeks after emergence, with a 
second three weeks after that.  Following this the crop needs consistent monitoring for disease and a 
third fungicide spray will be necessary if rain is expected.  
After many deliberations, trials and discussions in 2004 the release of Genesis 836, is imminent.  This 
is a very exciting prospect as it is a very robust variety. In the presence of ascochyta it is one of the 
top yielding varieties.  This variety has a colour and seed size acceptable to the market and should not 
be difficult to market.  There is to be a bulk up of this variety in 2005 to have seed for growers in 2006.  
Another variety that performed well in 2004 was the Victorian line Flip9490c.  This is an interesting 
kabuli and desi species cross. The breeders are endeavouring to transfer the ascochyta resistance of 
kabuli into a chickpea that can yield in low rainfall situations.  It is anticipated that this variety will be 
released and grown in the desi growing regions in Victoria.  There is a potential market of 50,000 
tonnes for this particular seed.  It has superior splitting properties, because of its thin seed coat, which 
will return good splitting yields.  
Kabuli growers were given fresh hope in 2004.  Flip94-530 and Flip94-537 were in bulk up trials in the 
Irwin shire.  Yields of 2.5 t/ha were taken from these paddocks.  The two lines now due for release in 
2005. 
The collective feelings of the Midwest Pulse Growers Association and those growing chickpeas 
Statewide could be summarised as ‘can’t wait for 2005 and the exciting new varieties coming through’. 
 
Breeding highlights 
Tanveer Khan1,2 and Kadambot Siddique2 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Chickpea breeding in WA started in 1992 as a node of the GRDC National Program.  The currently 
focuses on desi types, because of their wider adaptation in this region, but a limited kabuli program is 
also included.  There have been a number of changes in breeding objectives over the last decade in 
response to changing marketing requirements and the introduction of ascochyta blight disease in 
Australia with ascochyta blight resistance and yield as primary objectives.  The GRDC funded project 
is now in a transitional stage with prospects for a new National Program to start in 2006.  In the 
meantime, a research alliance developed between CLIMA, DAWA, COGGO and ICRISAT will initiate 
an independent chickpea breeding program focussed on WA in 2005.  It is also expected that a GRDC 
funded National Program will have a small presence in WA through testing of elite lines from the 
Eastern States.  The future of chickpea breeding in WA, therefore, presents exciting prospects. 
Over 100 lines selected from the Eastern State’s program and from the local breeding material were 
tested in the advanced breeding trials at Dalwallinu, Merredin and York.  Reaction to ascochyta blight 
was recorded in a disease nursery at Medina.  Severe terminal drought affected both the Dalwallinu 
and Merredin yields (Table 34).  At York, cold temperatures delayed pod set and it was not until the 
end of September that few pods were seen.  Thereafter at York, crop progressed remarkably well.  
High yields of some lines at York may, therefore, reflect on their cold tolerance.  As disease pressure 
in the nursery was quite high, it was decided to relax the selection criteria and to select lines that 
showed a disease reaction of 5.5 or less.  One exception was 97-132C*62-99V4003 that has a 
reaction of 6 but in a later observation it showed high adult plant resistance.  Both Sona and Howzat 
were susceptible whereas Victorian prospective releases FLIP94-509 showed a high degree of 
resistance and FLIP94-510C only partial resistance.  Line 97020-1893 showed an outstanding 
resistance combined with good yield and quality. 
Ascochyta reaction in crop variety sowing entries 
Ascochyta reactions were recorded on entries in the Crop Variety Testing trials (Table 35).  It should 
be noted that ascochyta reactions vary from trial to trial and from replication to replication depending 
upon the disease pressure and, therefore, data from several sites and years are needed to make an 
objective assessment of resistance. 
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Two partially ascochyta resistant desi chickpea varieties Sonali and Rupali were released on 
10 September 2003.  Sonali is potentially high yielding and Rupali as excellent seed quality.  Both 
varieties can be managed by 2-3 fungicidal sprays to minimise risk of a damaging ascochyta epidemic.  
These varieties along with the prospective Victorian release Genesis 836 are expected to kick start the 
stagnant chickpea industry with good prospects for more resistant, high yielding and high quality 
varieties that are likely to become available in 3-5 years time. 
Table 34. Yield expressed as % of Sona yield, 100 seed weight, seed colour index (SC: 1 light – 9 dark) 
and ascochyta blight reaction (1 highly resistant – 9 highly susceptible) in selected lines from 
the advanced breeding trials at three sites 
Entry Dalwallinu Merredin York 100SW SC Ascochyta 
97-132C*62-99V4003 110 149 92 17.9 2.5 6.0 
97-139B*30-99V4001 133 115 88 13.9 8.0 5.3 
97-438D*98V4002-99V4010 133 107 91 17.2 5.5 5.0 
97020-1147 142 134 102 17.6 6.5 5.0 
97020-1259 160 128 80 15.3 5.0 5.3 
97020-1351 143 104 96 16.0 5.5 5.0 
97020-1489 138 121 115 17.0 5.5 5.0 
97020-1561 137 110 105 14.8 5.0 5.0 
97020-1893 148 107 101 19.2 4.0 4.0 
97020-1898 135 117 75 17.2 4.5 4.5 
97037-1465 152 120 92 15.9 4.5 5.3 
97039-1012 127 110 102 17.1 8.0 4.5 
97144-1173 126 118 115 18.7 4.0 5.5 
97158-1035 125 106 102 15.5 4.5 4.8 
98238-1034 121 131 106 19.9 8.0 5.5 
98320-1024 121 102 98 19.8 5.0 4.8 
99004-1203 121 119 109 19.6 4.0 5.3 
99315-1130 121 110 112 18.2 4.5 5.5 
Flip94-509C 123 104 85 11.5 5.0 4.5 
Flip94-510C 140 107 97 13.6 5.0 6.0 
Howzat 124 112 100 17.0 4.0 8.0 
Sona 100 100 100 15.5 4.0 8.0 
Sona yield (kg/ha) 949 960 1622    
Site yield (kg/ha) 1146 1073 1570    
CV% 18 13 16    
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Table 35. Ascochyta reaction (1 highly resistant – 9 highly susceptible) in the released, prospective and 
other entries in the Crop Variety Testing at Medina 
Entry Notes Rep 1 Rep 2 Mean 
Flip94-510C Prospective release (Victoria) 3 5 3.8 
Flip94-508C  5 3 4.0 
GENESIS 836 Prospective release (Victoria) 5 5 5.0 
S 95425  5 5 5.0 
Sonali Released in WA 5 6 5.5 
S 95342  5 6 5.5 
Flip94-90C  5 7 6.0 
Flip94-509C Prospective release (Victoria) 6 3 4.5 
93011-1021 Prospective release (NSW) 6 6 5.8 
HEERA*98PBC4010  6 6 6.0 
SONA*98PBC4019  6 6 6.0 
9113-13N-2 Prospective release (NSW) 6 7 6.5 
SONA*98CZH4009  6 7 6.5 
WACPE2098  6 8 7.0 
Rupali Released in WA 7 6 6.3 
Howzat  7 7 7.0 
WACPE2099  7 8 7.5 
94-12*98V4006  8 8 8.0 
WACPE2078  8 8 8.0 
Heera  9 8 8.5 
Kaniva  9 9 9.0 
Flip94-92C (Kabuli) Prospective release (Victoria) 7,5 4,5 5.3 
Sona  8,8,8,9 8,8,8 8.1 
 
Variety evaluation 
Tanveer Khan, Kerry Regan, Jenny Garlinge and Rod Hunter, Department of Agriculture, Western 
Australia 
Crop variety testing Stage 4 (S4) trials were conducted at five sites in 2004 (Table 36).  Evaluation 
included six desi varieties, Kaniva (kabuli-type) and 19 promising breeding lines.  Seed yields were 
limited by low rainfall in September and October at Merredin and Mukinbudin.  Trials received the 
current recommended fungicide management package for ascochyta blight.  
On average across sites, Sonali produced the greatest yields of the named varieties and produced 
19% greater yield than Sona.  Sonali (WACPE 2075) and Rupali (WACPE 2095) are new varieties 
released in 2004 with improved ascochyta resistance.  In this series of trials, Genesis 836 produced 
9% greater yield than Sona, similar to Heera.  The lines FLIP94-509C and FLIP94-510C, which exhibit 
improved ascochyta resistance compared to Sonali, Rupali and Genesis 836, are also being 
considered for commercial release.  These lines did not perform better than Sonali in this series of 
trials, except at Cunderdin, where FLIP94-510C out-yielded Sonali by about 40%.  The overall mean, 
expressed as a percentage of Sona, is based on an across site analysis. 
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Table 36. Seed yields (SY, % Sona) and seeding rates from Crop Variety Testing Stage 4 trials 













Heera 94 115 131 112 138 117 (6) 
Howzat 98 120 130 142 142 126 (6) 
Kaniva1 89 46 91 17 48   66 (5) 
Rupali 82 - 121 117 73   91 (5) 
Sona 100 100 100 100 100 100 (6) 
Sonali 101 106 137 155 159 131 (6) 
Flip94-510C 97 - 181 126 - 124 (4) 
Flip94-509C 94 - - - 139 120 (2) 
S98CZH4009 95 128 164 164 170 128 (6) 
WACPE2099 94 143 170 160 143 136 (6) 
S98PBC4019 96 143 160 132 155 122 (6) 
WACPE2098 94 120 162 146 160 137 (6) 
H98PBC4010 100 137 154 140 107 124 (6) 
12*98V4006 92 128 131 117 164 121 (6) 
Genesis 836 90 91 163 143 91 120 (6) 
WACPE2078 95 111 107 134 112 108 (6) 
93011-1021 89 87 141 105 136 109 (5) 
9113-13N-2 104 57 139 71 87   86 (6) 
Flip94-508C 79 - - 89 63   79 (3) 
Flip94-92C1 88 - 129 43 32   76 (3) 
Flip94-90C1 92 63 155 32 102   81 (6) 
S953621 95 44 139 49 98   82 (6) 
S954251 69 59 150 101 129   96 (6) 
S953441 84 - - 28 40   47 (3) 
S953421 - - - 52 49   66 (3) 
SY of Sona 1716 295 515 434 273 100 
Mean SY 2 1586 295 715 447 299 - 
1 Kabuli-type lines/varieties. 
2 Means are adjusted. Yields presented are from preliminary data analysis. 
(N) Number of sites. 
 
Large scale variety testing of desi chickpeas 
Martin Harries, Greg Shea, Mike Baker, Dirranie Kirby, Department of Agriculture, Western Australia 
There is keen interest in ascochyta blight resistant chickpea lines. In order for growers to be confident 
that these lines offer the ascochyta resistance that is needed, and consequently adopt the varieties, 
they need to see these lines managed as per farmer practice.  This requires large trial plots 
implemented with grower machinery and managed as per the department’s ascochyta management 
package. 
To facilitate this, two large chickpea trial sites were sown, one at Mullewa Annexe and the other at 
Merredin Research Stations.  
The Mullewa trial 
The trial was seeded on 19 May 19 into a red loam pH 5.5. Five desi chickpea varieties were sown in 
three replicates of randomised complete blocks.  Plots were 50 m long by 10 m wide.  Growing season 
rainfall at the site was 188 mm.  Management was as per a grower situation; seed was dressed with  
Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
76 
P-Pickle-T and an application of Bravo®.  Early Bravo® was applied regardless of whether disease 
was observed at 1.5 L/ha on 9 July and 2.0 L/ha on 30 July.  When disease was observed at the site a 
further 1.0 L/ha was applied on 6 September. 
All plots established well with plant densities of over 50 plants/m2.  There was a large range in the 
times of flowering of the varieties.  Rupali and Sonali were very early to flower, while Flip 94-508c was 
latest to flower (Table 37). 
At the time of the Mullewa field day, 26 August, ascochyta could be seen on Howzat, Sonali and 
Rupali while it was not evident on the Genesis 836 and Flip94-508c lines.  Because the disease was 
continuing to be aggressive an application of Bravo® was applied the following week.  By the October 
15 obvious differences in ascochyta infection levels were apparent between the varieties (Table 38). 
By the time of harvest it was apparent that the level of infection in the more susceptible lines was 
causing uneven ripening and yield loss.  Seed was sent for DNA testing to SARDI and results of seed 
ascochyta infection correlated well to visual observations (Table 37).  This trial successfully 
demonstrated that there is a range of ascochyta resistance levels in current germplasm and that good 
progress is being made towards robust varieties. The next step in developing a more robust ascochyta 
management package is to determine what is an acceptable seed infection level given the resistance 
of each variety or line and the environment into which they are to be seeded.  Seed infection 
guidelines similar to those currently used for anthracnose infection in angustifolius lupin will need to be 
developed. 
Yields ranged from 930 kg/ha to 417 kg/ha with Genesis 836 obtaining the highest yield.  
Table 37. Establishment (plants/m2), time of flowering, dry weight (g/m2), seed infection (ascochyta 
spores per 200 gm of seed) and yield (kg/ha) at Mullewa 







Genesis 836 54.5 8.3 114.8 258.1 197,647 928 
Sonali 53.0 83.3 110.0 268.3 403,621 730 
Flip 94 508c 65.8 6.7 81.0 205.8 17,585 689 
Howzat 56.5 28.3 74.7 229.9 444,500 662 
Rupali 56.5 93.3 86.5 176.8 581,280 417 
LSD *ns  **hs 14.31 hs 26.27  hs 126.0 
CV% 10.4  8.1 6.1  10 
* Not significant. 
** Highly significant p < 0.001. 
Table 38. Ascochyta infection comments October 15 
Genesis 836 Ascochyta present and on some stems as non aggressive lesions, occasional plant with symptoms on pods. 
Sonali Minor stem infections, no stem breakage 10-20% pod infection. 
Flip 94 508c Ascochyta hard to find when observed very minor symptoms. 
Howzat All plants showing ascochyta symptoms, uneven ripening and a small % of plants with stem breakage/death. 
Rupali Ascochyta on 10% of stems but mild, no breakage.  Majority of pods showing symptoms. 
The Merredin trial 
Sown on 4 June into moist soil and the seed was dressed with P-Pickle-T®.  2 L/ha Bravo® was 
applied to all plots on 19 July and 7 September as per the ascochyta management package.  
However, Ascochyta was not detected on the site. 
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Table 39. Plant density and yields of chickpea at Merredin in 2004 
Merredin 
Variety 
Plant density Yield (kg/ha) 
Genesis 836 53 635 
Sonali 55 645 
Flip 94 508c 62 307 
Howzat 48 682 
Rupali 53 352 
LSD (P < .05) 6 109 
The results show (Table 39) that the line Flip 94 508c, as with the Mullewa trial, is not well adapted to 
low rainfall areas.  As confirmed in CVT trials, Rupali is not competitive in yield (although its seed 
colour is exceptional).  As the trial did not have ascochyta present, it is useful test as it shows the 
competitive yield of the Genesis 836 line, although the yield potential of the site was limited by the 
poor finish to the season. 
From the two large scale trials carried out in 2004, Genesis 836 continues to be a stand-out line with 
good harvest height, competitive yields and a level of resilience to ascochyta that will make 
commercial production less risky.  Genesis 836 is aimed for contracted bulk in 2005 and details can be 
obtained from Coorow Seeds. Rupali and Sonali can be obtained from Eastern Districts Seed 
Cleaning Company (EDSCO) in Kellerberrin. 
 
Desi chickpea variety trial 
Martin Harries and Murray Blyth, Department of Agriculture, Western Australia 
Growers with heavy soil types on their farms are awaiting the release of agronomical suited ascochyta 
resistant desi chickpea germplasm.  Recently the Department released Sonali and Rupali desi 
chickpeas, which have better ascochyta resistance than previously available varieties.  There is a 
major effort Australia wide to achieve this goal and the aim of this trial is to test plant material from 
Eastern States and the Western Australian breeding programs. 
This trial was sown at Wongoondy on 5 June into a red sandy loam pH 7.0 with good moisture. 
Treatments included five chickpea varieties/lines, four desi and 1 kabuli.  Three replicates of the 
treatments were sown in randomised complete blocks.  Plots were 6.0 m wide by 10.0 m long. 
Establishment was lower than the targeted 45 plants per square metre for desi types and 30 plants per 
square metre for Flip 97-530, the only kabuli type included.  The site was not harrowed after seeding 
increasing the risk of surface applied herbicide leaching and it looked as though the post-sowing, 
pre-emergent Simazine/Balance® mixture of 1.0 L/ha and 100 g/ha caused stunting of the seedlings.  
The leaflets were pale and stunted and shoots were burning off at the soil surface, where the chemical 
was lying from the post-sowing pre-emergent application.  Agronomists in Northern NSW and 
Southern Qld have also commented that there may be variation between varieties to the 
simazine/Balance mixture.  Herbicide tolerance testing is continuing to determine herbicide tolerances 
of germplasm nearing release. 
Genesis 836 was the highest yielding line in this trial, this line continues to be promising (Table 40).  
Mean seed weight of desi chickpeas ranged from 0.14 g to 0.22 g, varieties with heavier seed weights 
having a greater proportion of large seed (Table 41). 
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Table 40. Establishment (plants/m2), yield (kg/ha) 
 Establishment Yield 
Genesis 836 32.83 806 
Flip 94-508c 41.08 636 
Howzat 30.33 754 
Flip 97-530 21.08 549 
Rupali 32.42 636 
LSD (p < 0.05) 4.71 122 
CV% 7.9 9.6 
Table 41.  Mean seed weight (g), seed size distribution 
Variety/line MSW % < 6 mm % 6 to 7 mm 
% 7 to 
8 mm 
% 8 to 
9 mm %> 9 mm 
Rupali 0.1347 6.09 44.9 42.2 6.89 0 
Flip 94-508c 0.1580 5.93 57.3 35.9 0.82 0 
Flip 97-530 CLIMAS 0.4413 0.19 1.6 8.4 37 52.8 
Howzat 0.2217 5.44 15.7 65.1 13.7 0 
Genesis 836 0.1676 3.31 38.4 56.1 2.23 0 
LSD Variety/line (P < 0.001) 0.0136 ns 7.39 8.36 2.79 4.05 
 
Seeding rate and row spacing of chickpea desi 
Martin Harries, Murray Blyth, Damien Owen D’arcy, Department of Agriculture, Western Australia 
Trials in 2003 at Mullewa indicated that chickpea yields were not reduced when moving from 25 cm to 
50 cm row spacings.  If wide rows can be utilised for the production of chickpeas in northern WA 
opportunities of targeted fungicide and herbicide application can be investigated.  This has many 
advantages including reduced input costs and better weed management.  Production may also be 
more hygienic, limiting the spread of Ascochyta within a crop, due to reduced wheel tracking on plants. 
Trial design consisted of four row spacings (25 cm, 50 cm, 75 cm, 100 cm) and three seeding rates 
(70 kg/ha, 100 kg/ha and 130 kg/ha) with the aim of determining what seeding rates are best at wide 
row spacings.  Four replicates were sown in randomised complete blocks at Mullewa Research 
Station.  The trial was seeded on 18 May into a red loam pH 5.5. 
Establishment at each seeding rate was significantly different to each other p < 0.05, and gave 
densities below and above the current recommendation of 45 plants per square meter (Table 42).  The 
wider row spacings of 75 cm and 100 cm had lower establishment than the narrower plots (Table 42).  
This occurred because it was very difficult to obtain seed flow at wide row spacings and high seeding 
rates.  
Yields were down due to the low winter rainfall at the site of 188 mm (Table 42). 50 cm plots yielded 
highest when averaged across all seeding rates and the 50 cm and 75 cm spacings both yielded 
significantly higher than either the 25 cm or 100 cm spacings.  This supports the theory that 50 cm 
rows do not reduce yields in this environment. 
Statistically the 70 kg/ha and 100 kg/ha seeding rates yielded the same while the 130 kg/ha seeding 
rate yielded significantly lower than the 70 kg/ha rate.  This suggests that 130 kg/ha seeding is too 
high.  Low seeding rates at wide rows need to be investigated further before growers drop from 
100 kg/ha.  Wide rows of 75 cm and greater produced less early biomass, as shown in the dry matter 
cuts taken on 6 August in (Table 42) and may provide less competition to weeds.  Reducing seed 
rates could compound this effect as this also significantly reduced plant biomass. 
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Mean seed weight tended to increase with row spacing and decrease at higher seeding rates, p < 0.05 
(Table 43).  However the actual variation in seed size as a result of the treatments was small and for 
practical purposes seed quality was not affected by row spacing or seeding rate treatments. 
Table 42.  Establishment (plants/m2), dry weight (g/m2), yield (kg/ha) 
 Establishment Dry wt 6/8 Yield 
Seed rate (kg/ha) 70 100 130 70 100 130 70 100 130 
Row space (cm)          
25 30.3 50.5 62.3 39.8 57.0 63.2 403.2 425.0 393.5 
25 av. 47.7 53.3 407.3 
50 36.0 53.0 60.8 51.6 57.8 63.8 528.4 484.3 492.6 
50 av. 49.9 57.7 505.1 
75 29.9 46.7 47.9 42.2 53.2 56.7 483.3 505.6 463.6 
75 av. 41.5 50.7 484.2 
100 29.3 39.5 45.3 43.2 37.3 42.6 484.3 442.1 424.6 
100 av. 38.0 41.0 450.3 
Seed rate average 31.3 47.4 54.1 44.2 51.3 56.6 477.3 464.2 443.6 
Grand mean 44.3 50.7 461.7 
LSD row Hs, 4.951 hs, 6 hs, 31.08 
LSD rate hs, 4.287 hs, 5.2 s, 26.91 
LSD row * rate ns s, 10.39 Ns 
CV% 13.4 14.2 9.2 







MSW % < 6 mm % 6 mm-7 mm 
% 7 mm-
8 mm % > 8 mm 
25 70 0.2167 3.1 21.32 58.8 16.8 
25 100 0.2098 3.1 23.39 61.7 11.8 
25 130 0.2091 3.2 22.22 61.1 13.5 
50 70 0.2188 2.3 20.25 57.6 19.8 
50 100 0.2180 3.4 19.76 63.5 13.4 
50 130 0.2115 2.3 17.51 57.8 22.4 
75 70 0.2189 2.6 19.43 61.2 16.8 
75 100 0.2131 3.1 19.99 57.5 19.4 
75 130 0.2074 3.3 23.63 60.4 12.8 
100 70 0.2191 2.5 16.74 64.2 16.5 
100 100 0.2185 2.3 19.88 62.7 15.2 
100 130 0.2209 2.6 17.34 57.2 22.9 
Averages           
  25 cm 0.2119 3.2 22.31 60.5 14.0 
  50 cm 0.2161 2.7 19.17 59.6 18.5 
  75 cm 0.2131 3.0 21.02 59.7 16.3 
100 cm 0.2195 2.5 17.99 61.3 18.2 
  70 kg/ha 0.2184 2.6 19.44 60.4 17.5 
100 kg/ha 0.2148 3.0 20.76 61.3 14.9 
130 kg/ha 0.2122 2.8 20.18 59.1 17.9 
LSD row 0.0020 ns 1.25 ns Ns 
LSD rate 0.0017 ns ns ns Ns 
LSD interaction ns ns ns ns Ns 
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Molecular characterisation of chickpea wild relatives 
Fucheng Shan, Heather Clarke and Kadambot Siddique, CLIMA, The University of Western Australia 
Chickpea (Cicer arietinum) has been bred and selected from a very narrow genetic basis resulting in 
its lack of resistant genes for a range of biotic and abiotic stresses.  However these useful genes exist 
in its 42 known wild relatives within the genus Cicer, of which eight are annual species C. bijugum, 
C. chorassanicum, C. cuneatum, C. echinospermum, C. judaicum, C. pinnatifidum, C. reticulatum, and 
C. yamashitae.  The level of resistance is greater than in chickpea for most traits, and in some cases 
the wild relative is the only source of resistance known.  These valuable genes can be transferred to 
chickpea through interspecific hybridisation either directly or via embryo rescue.  To utilise the 
germplasm efficiently, characterisation of wild Cicer species is clearly a high priority and DNA markers 
are one of the novel methods taking the characterisation to the molecular level. 
For this purpose, a total of 218 accessions and selections from world collections belonging to eight 
wild annual Cicer and one perennial species have been assembled at CLIMA for use in a number of 
projects.  They were obtained from the International Centre for Agricultural Research in Dry Areas 
(ICARDA, Aleppo, Syria), Tamworth Centre for Crop Improvement (New South Wales Agriculture, 
Australia), International Crops Research Institute for the Semi-Arid Tropics (ICRISAT, Patancheru, 
India) and the United States Department of Agriculture (USDA).  Voluntary quarantine of imported 
materials was undertaken at UWA Shenton Park field station.  Most accessions have been 
successfully multiplied, meeting seed requirements for this project and several other related projects.  
Phenological and morphological examination of selected accessions have been completed.  
Photographs of seeds and plant morphology for most accessions were taken and profiled.  Protein 
content of 89 selections was determined.  Preliminary field evaluation of C. bijugum for response to 
ascochyta blight has been completed at Medina disease nursery in collaboration with Dr Tanveer 
Khan (DAWA).  Some resistant accessions have been identified and response to the disease will be 
estimated again in 2005.  The information will be useful for selection of parents for interspecific 
hybridisation at CLIMA, and will be incorporated with molecular data to characterise the wild Cicer 
germplasm. 
A standard procedure for generation of amplified fragment length polymorphism (AFLP) in chickpea 
and wild annual Cicer species has been established and DNA profiles of 218 lines have been 
generated.  Some misidentifications and duplications in the world Cicer collections were clarified.  
Phylogenetic relationships between and within species based on AFLP data showed good correlation 
with current classification of Cicer, based on karyotyping, crossability and protein based analysis, into 
primary, secondary and tertiary gene pools.  DNA profiles will also be used for selection of parents and 
hybridity testing for interspecific hybridisation.  The molecular analysis based on AFLPs revealed that 
wild relatives of chickpea were genetically much more diverse than chickpea, and is further evidence 
of their value for chickpea improvement.  Geographic patterns of genetic diversity of Cicer genetic 
resources have been examined and the best collection sites for maximum diversity were located in 
south-east Turkey for C. reticulatum, C. echinospermum, C. bijugum and C. pinnatifidum, and 
Palestine for C. judaicum.  DNA profiles provide useful information for the future collection and in situ 
conservation of wild annual Cicer species. 
Inter simple sequence repeat (ISSR) markers were also useful to characterise differences between 
Cicer species and within wild annual Cicer species, but no polymorphism was detected within 
cultivated chickpea samples.  Sequence tagged microsatellite site (STMS) markers, already published 
for chickpea, will be evaluated for profiling of the wild Cicer in 2005. 
 
Plant phosphorus status has a limited influence on the concentration of 
phosphorus-mobilising carboxylates in the rhizosphere of chickpea 
Madeleine Wouterlood, Hans Lambers and Erik Veneklaas, The University of Western Australia 
Chickpea (Cicer arietinum L.) roots release large amounts of phosphate-mobilising carboxylates into 
the rhizosphere.  Carboxylates compete with P for adsorption sites in soil, a process that mobilises P 
into the soil solution and increases the availability of P for the plant.  An increase in carboxylate 
exudation when the plant experiences P deficiency has been reported for several carboxylate exuding 
species.  However, for chickpea we found no increase in carboxylate exudation related to soil P level 
in several previous (glasshouse) experiments using field-soil.  
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To investigate whether carboxylate exudation by chickpea is a response to P deficiency or a 
constitutive trait we conducted two experiments.  First, we studied the effect of P supply on 
carboxylate concentrations in the plant and in the rhizosphere of chickpea cultivar Heera using a 
sand-culture.  The sand-culture reduced the variables that determine P availability and carboxylate 
adsorption in the rhizosphere compared with a field-soil.  Plants were grown in free-draining pots 
supplied with 200 mL of solution containing 0 to 500 µM P every 3 days.  The rhizosphere, roots and 
shoots were analysed for carboxylates.  Malonate was the main carboxylate exuded, and the main 
carboxylate in roots; shoots contained mainly citrate and malate.  Contrary to what has been reported 
for other species, the carboxylate concentrations in the rhizosphere decreased only slightly at high P 
supply, but even then they were still substantial.  
The second experiment studied the effect of P supply on the rate of exudation in a split-root 
sand-culture.  Root systems were split into two pots, in which one root half received no P and the other 
half 200 mL of a solution containing 0 to 500 µM P.  Analysis of rhizosphere carboxylates revealed 
that the rhizosphere of both root halves contained similar concentrations of carboxylates, even when 
the plants received a different supply of P.  
Our results indicate that carboxylate exudation is determined by internal rather than external factors.  
The fact that chickpea roots always exude carboxylates, at rates that only decline at rather extreme 
(very low or very high) levels of soil P, indicates that exudation in this species is largely constitutive. 
Kabuli chickpea 
Kerry Regan, Department of Agriculture, Western Australia and CLIMA, The University of Western 
Australia 
Kabuli chickpea production has been almost limited to the Ord River Irrigation in WA since the arrival 
of ascochyta blight.  However, with the development of new ascochyta resistant varieties available 
soon, kabuli chickpea will prove to be a profitable pulse option in other regions of the State.  Kabuli 
chickpeas offer good opportunities for growers in the medium to high rainfall regions of WA.  Suitable 
soil types for kabuli production have been identified around Dongara, Mingenew, the Avon Valley and 
parts of the South Coast and the Great Southern. 
In addition to yield, the seed size and seed size distribution is an important quality parameter for 
profitable kabuli chickpea production.  Seed size and colour largely determine kabuli chickpea prices, 
especially when supply exceeds market demand.  Seeds greater than 8 mm diameter are generally 
sold at a premium over smaller seeds, while prices for seeds that are less than 7 mm may be lower 
than those for desi chickpea.  Although varietal differences influence seed size, large seeds are more 
likely to be produced in areas with 400-600 mm annual rainfall, deep fertile soils and mild spring 
conditions favourable to seed filling.  Economic yields of kabuli chickpea with large seed size are 
unlikely to be achieved on a regular basis in lower rainfall areas. 
 
‘Kimberley Large’:  A high quality and high yielding new variety for the Ord 
River Irrigation Area 
Kerry Regan1,2, Kadambot Siddique2, Peter White1,2, Peter Smith1 and Gae Plunkett1 
1Department of Agriculture Western Australia 
2CLIMA, University of Western Australia 
The kabuli chickpea industry in the Ord River Irrigation Area (ORIA) has been based on a large 
seeded variety ‘Macarena’ released in 1983.  Variable yields and quality in the mid-nineties created 
interest in developing new varieties with improved yield and seed quality (seed size) for the region.  To 
address these issues, a project was conducted during 1998 to 2002 with the aim of developing a new 
variety for the region.  The project involved strategic introduction, evaluation and selection of large 
seeded kabuli chickpea germplasm from the gene bank of the International Centre for Agricultural 
Research in the Dry Areas (ICARDA), Syria.  
Seed production of introduced genotypes was undertaken concurrently with agronomic evaluation 
(yield and quality) to minimise the time before the release of a commercial variety.  Seed production 
was initiated in 1999 by collecting single plants from a number of the most promising genotypes.  Seed 
from each plant was sown in individual plots in 2000.  Production of pre-basic seed was undertaken in 
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2001 and 2002.  During 2003, three lines were bulked up under commercial conditions in the ORIA in 
anticipation for release of the best line in 2004.  Seed samples of promising lines were also supplied to 
traders following harvest in 2003 for market feedback on product preference. 
As a result of the project, a new Kabuli chickpea variety, named Kimberley Large, was released for the 
ORIA in 2004.  The new variety, tested as GCN133-2, produces on average 6% greater seed yield, a 
greater proportion of seeds larger than 10 mm in diameter and 5% greater seed weight (55 to 
62 mg/seed) compared to the current variety (Macarena).  Kimberley Large has also been tested in 
Central Queensland and offers a yield advantage over Macarena in that environment.  About 20 
tonnes of the basic seed of the new variety was grown by the ORIA chickpea growers in 2004.  
Following harvest in September 2004, growers indicated that they were pleased with the larger seed 
size, quality, and yield of Kimberley Large.  The development of the new variety was based on a 
successful partnership between GRDC, DAWA, CLIMA, ORIA growers and the chickpea industry. 
 
Development of ascochyta resistant and high quality varieties for Australia 
Kadambot Siddique1, Kerry Regan1,2, Tim Pope1 and Mike Baker2 
1CLIMA, The University of Western Australia 
2Department of Agriculture, Western Australia 
In recent years, ascochyta blight has had a devastating effect on the Australian chickpea industry 
causing widespread yield losses and a rapid decline in the area of production.  The Australian 
chickpea industry is largely based on desi chickpeas, however there is a potential to increase the area 
of production of kabuli chickpea up to 200,000 ha with the availability of disease resistant varieties.  
Kabuli chickpea crossbred lines and commercial varieties from ICARDA (Syria), AARI (Turkey) and 
Australia were screened for resistance to ascochyta blight and agronomic traits in Turkey during 1998 
and 2001 (GRDC funded CLIMA project).  More than 2000 breeding lines were screened and 335 
superior lines were selected and introduced to Australia.  The Council of Grain Growers Organisation 
(COGGO) is now funding a CLIMA project to allow further agronomic and seed quality evaluation, 
disease screening and seed production in Australia to fast track one or more of the, superior 
ascochyta resistant kabuli chickpea lines for commercial release.  Three crossbred lines 
(FLIP97-530-CLIMAS, FLIP97-503-CLIMAS and FLIP97-537D-CLIMAS) are currently showing good 
potential as new varieties.  
Yield evaluation 
Yield evaluation has been carried out in replicated field trials over a range of locations in 2003 and 
2004. In 2003, yield evaluation sites were located at Dongara, Mingenew, Katanning and Speddingup 
in WA and at four sites interstate (Horsham, Victoria; Kingsford, South Australia; and Wagga Wagga 
and Tamworth, New South Wales) and in 2004 at three sites in WA (Dongara, Mingenew and York) 
and four sites interstate (Kingsford, South Australia; Horsham and Laen, Victoria; and Tamworth, New 
South Wales). 
Yield evaluation included approximately 35 crossbred lines, Kaniva, and three kabuli lines from 
Victoria/New South Wales (FLIP94-90C, FLIP94-92C and S95342).  In 2003 and 2004, fungicide was 
applied twice (one at four weeks after emergence and a second at podding) at each site in WA, but 
plots of Kaniva were sprayed additional times at Dongara in 2004 where the disease infection became 
significant.  In interstate trials during 2003, no fungicide was applied at Wagga Wagga, Horsham or 
Kingsford, but fungicide was applied eight times at Tamworth.  At Horsham in 2003, all plots of Kaniva 
were infected with ascochyta blight and produced no seed.  Trial details and seed yields were not 
available from all the 2004 sites at the time of writing, but preliminary results from Dongara, York, 
Yandanooka and Tamworth have been included.  The trial at Tamworth NSW was harvested in late 
December 2004, while trials in SA and Vic were harvested in January 2005.  
Mean seed yields ranged from 434 kg/ha at Yandanooka in 2004 to 2223 kg/ha at Tamworth in 2003.  
Three promising crossbred lines, FLIP97-530-CLIMAS, FLIP97-503-CLIMAS and 
FLIP97-537D-CLIMAS performed well across years and sites (Table 44).  The lines FLIP94-090C and 
S95342 produced the greatest yields on average across years and sites, but generally produced 
smaller seeds.  
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Table 44. Seed yield and mean seed weight (msw) as a percentage of trial means for some ascochyta blight resistant kabuli chickpea crossbred lines in yield evaluation trials in 
2003 and 2004 (sowing date in parentheses)1 



































Seed yield                 
Kaniva 55 99 109 107 0 90 99 - 59 125 149 55 66 102 127 89 
FLIP97-530-CLIMAS 136 124 141 136 147 129 106 128 104 121 103 116 118 106 113 122 
FLIP97-503-CLIMAS 111 - 113 93 107 130 97 83 115 70 70 112 90 74 117 99 
FLIP97-537D-CLIMAS 82 97 121 86 137 143 88 - 103 97 93 84 87 46 82 96 
FLIP94-090C 119 164 150 130 223 158 117 - 139 150 146 126 169 191 165 153 
S95342 106 145 131 129 117 182 98 - 136 131 183 113 125 43 102 124 
FLIP94-092C 165 96 100 111 114 132 111 - 157 99 96 98 147 155 120 122 
Mean yield4 (t/ha) 987 624 582 828 605 833 2223 775 1439 921 434 2128 435 404 1145   
Mean seed weight                 
Kaniva 99 94 100 102 - 95 102 - 94 96 103 88 - - - 97 
FLIP97-530-CLIMAS 108 123 110 114 135 116 102 119 97 110 97 103 - - - 111 
FLIP97-503-CLIMAS 112 115 119 116 122 133 114 90 109 121 101 112 - - - 114 
FLIP97-537D-CLIMAS 106 116 113 101 122 113 105 - 104 112 118 106 - - - 111 
FLIP94-090C 90 88 83 96 99 70 83 - 86 80 94 76 - - - 86 
S95342 98 97 91 94 106 90 94 - 91 92 95 95 - - - 95 
FLIP94-092C 102 92 84 95 95 80 95 - 95 92 99 91 - - - 93 
Mean (g/100 seeds) 34.3 35.3 29.8 24.2 30.1 29.4 40.5 27 41.1 37.9 34.8 46.5 - - -   
1 2003 yield data have been analysed using REML methods.  2004 yield data have been analysed using REML methods for Dongara, York and Yandanooka.  Data from Tamworth is yet to be 
analysed, but mean seed yield data has been included.  Mean seed weight analysed using ANOVA. 
2 Dongara WA (Don), Mingenew WA (Min), Katanning WA (Kat) Speddingup WA (Spe), York WA (Yor), Yandanooka WA (Yan) Horsham Vic (Hor), Kingsford SA (Kin), Tamworth NSW (Tam), 
Laen Vic (Lae), and Wagga Wagga NSW (Wag). 
3 Sowing dates not available. 
4 Mean yield and seed weight values are overall trial means, not just for the selection of lines presented here. 
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Across seasons at Dongara, FLIP97-530-CLIMAS, FLIP97-503-CLIMAS and FLIP97-537D have 
produced seeds 4 to 18% heavier than Kaniva (Table 45).  In contrast, FLIP94-090C has produced 
relatively small seeds.  Seed size distribution measured at Dongara across three years shows that the 
crossbred lines FLIP97-530-CLIMAS and FLIP97-503-CLIMAS produced the greatest proportion of 
seed larger than 8 and 9 mm in diameter.  The lines FLIP94-090C, FLIP94-092C and S95342 
produced mostly small seeds (< 8 mm diameter). 
Table 45. Mean seed weight (msw, g and as % Kaniva) and seed size distribution (mm) of ascochyta 
resistant kabuli chickpea crossbred lines at Dongara 2002, 2003 and 2004 
Proportion (%) of seed 
 msw (g) 
msw 
% Kaniva > 9 8-9 7-8 < 7 
2002       
Kaniva 0.38 100 35 51 12 2 
Flip97-530-CLIMAS 0.41 108 48 45 6 1 
Flip97-537D-CLIMAS 0.45 118 62 34 4 0 
Flip97-503-CLIMAS 0.45 118 69 28 2 0 
Flip94-090C 0.31 82 9 45 43 3 
Flip94-092C 0.36 95 29 55 14 2 
S95342 0.38 100 26 50 21 2 
2003       
Kaniva 0.34 100 33 44 19 4 
FLIP97-530-CLIMAS 0.37 110 44 42 12 2 
FLIP97-537D-CLIMAS 0.36 107 34 46 18 3 
FLIP97-503-CLIMAS 0.38 114 52 38 9 1 
FLIP94-090C 0.31 91 5 53 38 4 
FLIP94-092C 0.35 104 15 63 19 3 
S95342 0.34 100 17 52 27 4 
2004       
Kaniva 0.39 100 44 44 10 2 
FLIP97-530-CLIMAS 0.40 104 53 30 12 4 
FLIP97-537D-CLIMAS 0.43 110 49 42 7 1 
FLIP97-503-CLIMAS 0.45 116 75 20 4 1 
FLIP94-090C 0.36 92 12 66 21 1 
FLIP94-092C 0.39 100 24 63 12 1 
S 95342 0.38 97 31 48 17 4 
Disease screening 
Disease reaction of kabuli chickpea crossbreds and standard varieties to ascochyta blight was 
evaluated at Medina in 2004.  Disease ratings were higher in the Medina nursery in 2004 where 
disease pressure and infection were more intense compared to Medina in 2002 and 2003, and the 
field nursery at Dongara in 2003.  Similar to previous results, Kaniva was highly susceptible to 
ascochyta blight, but most of the crossbred lines showed good resistance.  The three promising lines, 
FLIP97-530-CLIMAS, FLIP97-503-CLIMAS and FLIP97-537D-CLIMAS, received disease score 
ratings at flowering 5.3, 4.8 and 5.0, respectively, compared to a score of 8.0 for Kaniva (on a scale of 
0 to 9, where 0 = no disease and 9 = dead).  In previous years, disease scores for the three lines have 
ranged from 0.7 to 5.6, depending on disease pressure. 
The management of ascochyta blight for FLIP97-530-CLIMAS, FLIP97-503-CLIMAS and 
FLIP97-537D-CLIMAS was assessed in replicated fungicide management trials for the first time in 
2004 (see article on “Epidemiology and management of ascochyta blight in improved chickpea 
varieties” in the Disease and Pest Management section of this book).  The results suggest that with 
the improved level of resistance exhibited by the lines, a fungicide program of two strategically timed 
fungicide sprays will be required to maximise yield and prevent an increase in disease pressure, which 
will threaten both the current crop and the following year’s crop.  
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Seed production and variety release 
Seed production has been undertaken in conjunction with yield, disease and quality evaluation in an 
effort to reduce the time to commercialisation of a new variety.  Seed production of the most promising 
crossbred lines commenced by collecting single plants from plots at Bindoon between 1999 and 2001.  
Further bulk-up of the best crossbreds has continued under irrigation at Carnarvon during 2001, 2002 
and 2003 and at Deepdale (near Geraldton) in 2003.  In 2004, production of basic seed of the three 
most promising crossbred lines was undertaken by COGGO growers in WA and a commercial partner 
in eastern Australia (AWB Seeds Ltd).  Significant quantities of seed (5 to 12 tonnes) were produced 
during 2004. 
A decision on the first improved ascochyta blight resistant kabuli chickpea variety(ies) with greater 
seed yield and seed size to be commercially released will be made in early 2005.  Seed of the new 
variety (ies) will be available to growers for the 2006 growing season. 
 
Towards doubled haploids in chickpea and field pea 
Janine Croser, Julia Wilson and Kadambot Siddique, CLIMA, The University of Western Australia 
The development of protocols for doubled haploid plant production offers breeders a tool for the rapid 
production of homozygous breeding lines from F1 crosses.  These homozygous lines are generally 
used as recombinant inbred lines for molecular mapping or as parents in breeding programs.  In rare 
instances they can be multiplied and released as cultivars.  Embryogenesis from immature pollen 
(microspores) is widely regarded as the most efficient system for the production of doubled haploid 
plants and is routinely used in many of the broad-acre crops, e.g. wheat, barley, rice and canola.  The 
cool-season pulse species are recalcitrant to this technique and protocols have yet to be developed 
for the target species of our research, chickpea and field pea.  
Australian (CLIMA and SARDI) and Canadian pulse researchers have joined forces to overcome the 
lack of information regarding isolated microspore culture in the cool-season grain legumes and 
develop protocols for doubled haploid production in field pea and chickpea.  We reason that 
optimisation of the donor plant growth conditions, coupled with an appropriate stress pre-treatment 
and tissue culture regime will lead to haploid embryogenesis and plant regeneration in these species. 
Our research to date has identified the genotype, stress pre-treatment given to the microspores and 
tissue culture medium composition as important to the induction of haploid embryogenesis from the 
microspores of chickpea and field pea.  A wide range of genotypes have been screened for 
responsiveness of the isolated microspores to induction of embryogenesis.  The highest induction 
frequency was obtained from the field pea cultivars Highlight (Swedish) and CDC April (Canadian) and 
from the chickpea cultivars Bumper, Rupali (Australian) and CDC Cabri (Canadian).  Heat stress 
applied to the chickpea buds at 32.5ºC for 16 h prior to culture was the most successful pre-treatment 
for the induction of embryogenesis in all genotypes except Rupali, which underwent induction in 
ca. 15% of the microspores without any stress pre-treatment.  For field pea, cold stress applied to the 
buds at 4ºC for 48 h prior to culture was the most successful pre-treatment for the induction of 
embryogenesis.  
On appropriate tissue culture medium multinucleate structures were formed in both chickpea and field 
pea.  These structures formed early stage globular embryos in chickpea and less frequently in field 
pea.  In some instances, these embryos continued development and formed an unorganised cell mass 
called a callus.  Our Canadian collaborators have recently obtained shoots from this microspore-
derived callus in chickpea.  At CLIMA, we are currently pursuing both direct embryogenesis and 
callus-derived somatic embryogenesis as potential protocols for chickpea and field pea haploid 
development. 
The results of this research compare favourably with early research in crops where this technique is 
now used routinely, such as barley and canola.  More research is required to overcome barriers to 
further embryo development.  Current experiments are focusing on increasing induced microspore 
frequency and establishing protocols for routine embryo maturation and plantlet regeneration.  The 
authors wish to thank the GRDC and CLIMA for their ongoing support for this research. 
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Crossing chickpea with wild Cicer relatives to introduce resistance to disease 
and tolerance to environmental stress 
Heather Clarke and Kadambot Siddique, CLIMA, The University of Western Australia 
Summary 
There has been limited success in the use of wild Cicer relatives to increase genetic variability in 
cultivated chickpea worldwide.  The main constraint to transfer of desired traits into the cultivar is that 
only two of the wild species are readily hybridised with chickpea (C. arietinum) using conventional 
crossing techniques.  Many of the traits though, which are a priority for the Australian chickpea 
industry, are currently inaccessable in the more distantly related wild relatives.  For example 
resistance to ascochyta blight, pod borer or tolerance to drought.  In such wide crosses the pollinated 
flower or the young pod always abort from the mother plant before maturity of the seed. 
Our objective at CLIMA is to create interspecific hybrids between chickpea and imported accessions of 
C. bijugum, C. pinnatifidum and C. judaicum which express multiple disease, pest and environmental 
stress resistance.  Published research strongly suggests that incompatibility in wide crosses among 
Cicer species is the result of post-fertilisation barriers.  We propose to use in vitro rescue of the 
immature embryo as a means to overcome the problem of abortion in situ.  That is, remove the 
developing seed from the mother plant, rescue the young aborting embryo, nurture it on artificial media 
and later regenerate a plantlet by manipulating hormones and other growth conditions.  This approach 
has been used for improvement of a number of important crops such as rice, wheat, soybean, maize 
and many horticultural species.  The research is an international collaboration between Australia, 
Canada and India. 
The project has been running for two years and progress is promising, but slow.  Interspecific hybrids 
have been rescued from crosses between chickpea x C. pinnatifidum, and a few hybrids between 
chickpea x C. bijugum.  C. pinnatifidum grows well in a tissue culture medium developed at ICRISAT 
in India.  However, C. bijugum has proven more difficult for two reasons.  Firstly, this species is 
recalcitrant to in vitro culture, and even selfed embryos do not grow as well as chickpea or 
C. pinnatifidum in the media currently available.  Secondly, hybrids of this species abort from the 
mother plant much earlier than other interspecific hybrids (8 days after pollination compared to 20 
days in C. pinnatifidum) which means a far more complex composition of nutrients is required to 
support the very immature embryos, as well as new techniques for rescue and manipulation of tiny 
embryos.  Successful rescues achieved across the three laboratories in Canada, India and Australia 
are maintained in tissue culture and we are currently developing methods for micro-propagation and 
transfer to soil in 2005.  C. judaicum will also be used in crosses at CLIMA in 2005.  In our research 
we have also found that the incidence of albino plantlets is high following hybridisation with the wild 
species and this problem requires further investigation. 
Development of optimum conditions and techniques for crossing in the glasshouse, and identification 
of parental genotypes most ameniable to such wide interspecific crosses, has increased the number of 
successful crosses in 2004.  Application of a mixture of growth hormones to the flower at pollination 
was also found to delay abortion of hybrids for a few days which greatly improved the success rate for 
rescue. 
Detailed microscopy studies also helped us to understand how the embryo develops in chickpea, the 
possible causes of abortion in wide hybrids and the best timing for rescue from the aborting seed.  In 
2004 we confirmed that pollination takes place in the wide crosses just the same as in chickpea x 
chickpea crosses.  Fertilisation appears to take place normally and an embryo and surrounding 
endosperm begin to develop as usual, but some abnormalities appear in the mother cells surrounding 
the embryo in the wall of the ovule.  This is further evidence that culture in an artificial medium is 
required to rescue the immature embryo from the mother plant which shows early evidence of 
incompatibility with the hybrid.  
In 2005, we will continue to improve protocols for hybridization and rescue in our bid to develop a 
robust method for routine use in chickpea breeding programs.  Hybridity of new germplasm will be 
confirmed using DNA profiling when plantlets are successfully transferred to soil in the glasshouse.  
Further development of the germplasm will also depend on the survival and fertility of such hybrids.  If 
fertile, several backcrosses to cultivated chickpea could be required for variety development. 
This research is an international collaboration between ICRISAT, India; Crop Development Centre in 
Saskatchewan, Canada; and CLIMA, Australia. 
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Faba bean 
Peter White, Department of Agriculture, Western Australia 
About 8 to 10 thousand hectares of faba beans were sown in WA in 2004 with most being sown in the 
medium to high rainfall areas of the southern agricultural region.  The year was generally very steady 
with no reports of major disease or other problems.  Crops at times looked stressed because of the dry 
spring, but yields of most crops were better than expected with average or slightly above average 
yields (~1.2 to 1.6 t/ha) being produced.  Low levels of Cercospora occurred in some crops but this did 
not increase to the damaging levels that were seen in 2003. 
The new varieties Farah and Cairo performed well in trials and are likely to be well accepted by 
growers although seed of Cairo will be difficult to obtain.  At this stage, seed increase of Cairo is only 
occurring in New South Wales and individual seed orders will need to be imported into WA.  
Multiplication and distribution of the seed is controlled by PlantTech. 
The Faba Bean Focus was held in Tanunda, South Australia during September 2004.  This was a 
major industry event involving participants from throughout Australia and our major markets overseas.  
A clear message from the meeting was that international demand for faba beans will continue to grow, 
but attention to quality will become increasingly important as competition from France and the United 
Kingdom strengthens.  
Prices for faba beans fluctuated between $250 to $290 per tonne for much of the year.  Similar price 
levels are likely to continue in 2005, but discounts for low quality beans are likely to be large. 
 
Germplasm evaluation 
Peter White1,2, Kerry Regan1,2, Tim Pope2, Martin Harries1, Mark Seymour1, Rodger Beermier1 and 
Leanne Young1  
1Department of Agriculture Western Australia 
2CLIMA, The University of Western Australia 
The total area cropped to faba bean in WA expanded rapidly in the early 1990s reaching a peak of 
about 40,000 ha in 1997.  Disease (chocolate spot) epidemics and a series of dry seasons 
subsequently caused the area to fall to less than 10,000 ha.  The release of Fiesta, a variety with 
improved chocolate spot resistance, and better disease management strategies has since seen a 
modest recovery in the faba bean industry.  Nevertheless, at its current level the industry is well below 
its medium term potential of over 100,000 ha in WA.  
There are two centres for breeding faba bean in Australia:  Adelaide, SA and Narrabri, NSW. 
Germplasm from both these centres is evaluated in WA.  The aim is to develop varieties with 
resistance to chocolate spot, ascochyta and rust, the three main faba bean diseases, as well as 
increased yield and yield stability.  Fiesta, is now the most widely grown faba variety in WA and has 
become the standard against which improvements in disease resistance and yield are measured.  
However, Fiord will produce higher yields than Fiesta in WA in disease free situations. 
Germplasm was evaluated in Stage 2 (S2), Stage 3 (S3) and Stage 4 (S4) trials at several locations.  
The S2 trial was situated at Bindoon and involved 100 lines; mainly crossbreds obtained directly from 
the breeding centres in Adelaide and Narrabri.  Stage 2 trials were mainly used for seed multiplication 
and had very low selection pressure.  Results are not presented here.  Stage 3 trials were conducted 
at Dongara, Merredin, Katanning and Scaddan.  About 140 lines were evaluated at each site.  
Inclusion of lines in trials was dependant on the availability of seed. More lines originating from NSW 
were included at Dongara and Merredin, while more lines from SA were included in Katanning and 
Scaddan.  About 75% of the lines were common across sites.  All lines were evaluated for a range of 
plant characteristics but, only data on seed yield of the highest 20 yielding lines, plus current varieties 
are presented here (see Tables 46 to 47).  Stage 4 trials were located at Dongara, Mingenew, York,  
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Gnowangerup and Esperance.  Current varieties plus one line that produced high yields in S2 and S3 
trials in 2004 were included.  Seed of both Farah and Cairo were obtained from last year’s germplasm 
trials and was not certified released seed.  This is indicated by the line number occurring next to the 
variety name. 
Results from S3 trials contrasted with the S3 results obtained in 2003.  Many of the lines that produced 
high yields in 2003 were not within the top 20 yielding lines in 2004.  This is also reflected in the fact 
that a large number of lines produced substantially higher yields than all current varieties and Fiesta or 
Fiord were rarely in the top 20 lines.  The very dry spring that occurred in most areas is one possible 
explanation for this difference. 
Results were also variable across sites with many lines producing high yields at some sites and low 
yields at others.  However, several lines produced consistently high yields across all sites.  For 
example, accession 1270*278/10 was in the top 20 lines at all sites and averaged 33% higher yield 
than Fiesta.  This line has good resistance to both chocolate spot and ascochyta blight.  Early 
flowering lines from Narrabri (indicated by the prefix ‘D’) performed well at Merredin with one line 
(D-30) amongst the top seven lines at all sites except Katanning.  This line averaged 32% higher yield 
than Fiesta over these locations.  Accession 974*611*974/42 was very highly ranked at Katanning and 
Scaddan, and produced the same yield as Fiesta at Dongara (result not shown).  This line was not 
present in the trial at Merredin. 
Table 46. Seed yield of selected faba bean lines in S3 trials at (a) Scaddan, (b) Dongara, (c) Katanning, 
and (d) Merredin 
(a)  Scaddan (sown 10 June)  (b)  Dongara (sown 10 June) 
Line Seed yield (kg/ha) 
Seed yield 





483/5 1267 150  1270*278/10 3600 130 
D-16 1250 148  1270*483/20 3233 117 
920/3 1242 147  1593 3133 113 
482*1038/30 1233 146  483*1270/46 3067 111 
D-10 1175 139  D-30 3067 111 
974*611*974/42 1142 135  SP95039 3067 111 
482*1038/27 1133 134  D-34 3000 108 
FIESTAAR*IC*AS/2
DAW02-13 1125 133  SP99068 3000 108 
D-30 1108 131  D-44 2900 105 
D-51 1108 131  SP95054/DAW02-07 2900 105 
483*683/6DAW02-12 1100 130  D-28 2867 104 
D-26 1083 128  1108/1 2833 102 
D-25 1075 127  1270*278/34 2833 102 
1270*278/32 1067 126  D-26 2833 102 
D-15 1067 126  1270*483/15 2800 101 
1270*278/10 1058 125  735*683/15 2800 101 
SP99068 1058 125  FIESTAAR*IC*AS/2DAW02-13 2800 101 
(IC*AS)*FIESTAAR/9 1042 123  Fiesta 2767 100 
483/3 (Farah) 1042 123  D-22 2767 100 
1517 1033 122  1324/3 2733 99 
1593 1033 122  482*1038/30 2733 99 
Fiord 986 117  SP95054 (Cairo) 2633 95 
Ascot 867 103  483/3 (Farah) 2633 95 
Fiesta 844 100  Fiord 2538 92 
SP95054 (Cairo) 750 89  Ascot 2100 76 
LSD 5% 239.3 -  LSD 5% 653.0 - 
cv% 19.1 -  cv% 18.2 - 
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(c)  Katanning S3 (sown 26 May)  (d)  Merredin (sown 27 May) 
Line Seed yield (kg/ha) 
Seed yield 





974*611*974/42 1190 178  D-30 1613 154 
SP99068 1122 168  D-26 1560 149 
D-33 1054 158  D-25 1553 149 
D-5 986 147  D-28 1553 149 
SP95054/DAW02-07 986 147  483/5 1540 147 
1270*278/10 918 137  D-31 1527 146 
D-29 918 137  SP95054/DAW02-07 1473 141 
D-51 884 132  1270*278/10 1460 140 
JX4-17 884 132  D-35 1413 135 
1483/1 850 127  D-5 1367 131 
1593 850 127  D-32 1353 130 
483*683/2 850 127  D-24 1347 129 
D-20 850 127  1108/1 1347 129 
D-27 850 127  D-33 1340 128 
D-41 850 127  SP98002 1327 127 
FIESTAAR*(IC*AS)/3 850 127  D-45 1320 126 
483*683/6DAW02-12 816 122  D-22 1280 123 
D-11 816 122  D-41 1247 119 
D-28 816 122  FIESTAAR*(IC*AS)/3 1247 119 
1512/2 782 117  D-9 1233 118 
Fiesta 669 100  Fiord 1213 116 
Fiord 646 97  483/3 (Farah) 1193 114 
SP95054 (Cairo) 408 61  Fiesta 1044 100 
483/3 (Farah) 340 51  SP95054 (Cairo) 1020 98 
Ascot 306.1 46  Ascot 880.0 84 
LSD 5% 315.0 -  LSD 5% 220.2 - 
cv% 36.7 -  cv% 14.7 - 
There were no clear differences in yields between most varieties in the S4 trials, except for Ascot, 
which consistently produced low yields at all sites (Table 47).  These results indicate that Farah offers 
a good alternative to Fiesta with similar yields but with improved ascochyta resistance.  Similarly, in 
areas of high ascochyta risk, Farah is an excellent replacement for Ascot, providing improved yield, 
better seed quality, and improved chocolate spot resistance.  Cairo, tested as SP95054, performed 
well across sites but further evaluation with certified seed will be required in 2005. 



















SP95054 (Cairo) 3063 2254 1379 1025 1477 102 
Fiord 3141 2148 1288 991 1654 102 
Fiesta 2806 1951 1338 1037 1724 100 
483/3 (Farah) 3183 2331 1288 880 1363 99 
Ascot 2496 1366 892 583 1171 70 
1307/5/DAW02-4 3220 1826 1247 1009 - 100 
LSD 5% 199.2 346.2 220.5 145.2 372.8 - 
cv% 4.6 12.3 12.6 11.2 19.9 - 
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Lentil 
Kerry Regan, Department of Agriculture, Western Australia and CLIMA, The University of Western 
Australia 
During 2004, the lentil area contracted to about 1,000 ha in WA. Cassab and Digger were the main 
commercial varieties grown.  The growing season provided a wide range of conditions across the 
cropping region.  Fungal diseases, such as ascochyta blight and botrytis grey mould, were not 
observed in lentil trials or commercial crops.  Average seed yields of commercial crops ranged from 
0.6-2.0 t/ha and seed quality has been excellent.  With prices remaining firm at around $450-550/t, 
lentils continue to be a profitable crop for growers and an alternative pulse for widening the cropping 
rotation.   
 
Variety and germplasm evaluation 
Kerry Regan1,2, Tim Pope2, Leanne Young1, Martin Harries1, Murray Blyth1 and Michael Materne3 
1Department of Agriculture, Western Australia 
2CLIMA, University of Western Australia 
3Department of Primary Industries, Victoria 
In 2004, lentil evaluation was carried out through the Coordinated Improvement Program for Australian 
Lentils (CIPAL).  The national lentil breeding program based in Victoria, but with collaborators in South 
Australia, New South Wales, Tasmania and WA, has a major breeding focus on developing new 
varieties with appropriate phenology, improved disease resistance (ascochyta blight and botrytis grey 
mould), harvestability and seed quality (size, colour and milling), tolerance to soil limitations (boron 
and salinity) and common broadleaf herbicides, and resistance to exotic diseases (anthracnose, 
fusarium and rust).  The major aims of the WA component are identifying lines with improved and 
stable yield, improved harvestability, vigorous early growth, early flowering and drought tolerance.  
Evaluation of lentils in WA involves initial screening of early generation material (S1) in single rows 
and two stages (S2 and S3) of replicated field trials at a single site (Merredin), with advanced yield 
evaluation trials (S4) undertaken at a wider range of locations.  
Breeding lines and varieties were evaluated in WA during 2004 in Stage 1 (S1), Stage 2 (S2) and 
Stage 3/4 (S3/S4) trials at Merredin Research Station, and in S4 trials at Gnowangerup, Mukinbudin 
and Yandanooka.  The sites at Gnowangerup and Mukinbudin were not harvested due to seeding 
problems and lack of rain, respectively.  At Merredin and Mukinbudin, seasonal rainfall (May-October) 
was below average and spring rainfall was limited.  There were no diseases observed in the trials.  
The trials at Merredin were sprayed with insecticide in October to control aphids.  In general, weed 
control was good at all sites, but there was some damage to lentils caused by Brodal application at 
Yandanooka.   
Stage 1 evaluation 
Stage 1 trials are located at Horsham, Victoria and approximately three other primary sites, including 
Merredin.  The breeding lines grown in these trials are potentially high yielding and evaluated in 
unreplicated single rows for desirable characteristics, such as biomass production, disease resistance, 
flowering time and maturity.  Evaluating germplasm at an early breeding stage in WA assists to identify 
and capture adapted lentil crosses suitable for the western region that can be progressed for 
evaluation in S2, S3 and S4 trials.   
The S1 trial was used for visual identification of adaptation and not for yield.  Plots were scored for 
general adaptation, dry matter production, phenological development and podding.  Breeding lines of 
note were 99-070L*02H036 (Cumra/Indianhead//Cassab) and 99-107L*02H26 (Cumra/ILL7508).  In 
general, most of the lines showing the greatest potential had the variety Cumra as a parent.  The 
results of this nursery will be used to select appropriate breeding lines for progression to S2 trials at 
Merredin and other sites interstate in 2005. 
Stage 2 evaluation 
Mean seed yield was 535 kg/ha (Table 48).  Seed yields were limited by some waterlogging early in 
the season and dry conditions in September and October.  Of the named varieties, Nugget performed 
the best in this trial producing 55% greater seed yield than Digger.  A number of breeding lines also 
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performed well, including 98-043L*H008, 99-072L*01R002 and 98-042L*00H003.  Lodging was not 
significant and only a few breeding lines received scores greater than two.  Mean plant establishment 
was 112 plants/m2, which was lower than the target density of 125-150 plants/m2, and establishment 
was quite variable ranging from 52 to 207 plants/m2. 
Table 48. Plant establishment (plants/m2), time in days after sowing to flowering (FLW), lodging score1 
(LODGE) and seed yield2 (kg/ha and % Digger) of the highest yielding S2 lentil breeding lines 
and varieties at Merredin 2004 (sown 28 May) 
Breeding line/variety Plants/m2 FLW LODGE SY SY (% Dig) 
Cassab 106 94 3 644 113 
Cumra 117 96 1 696 123 
Digger 105 99 2 568 100 
Northfield 92 110 2 494 87 
Nugget 78 89 1 880 155 
98-043L*01H008 124 115 1 1010 178 
99-072L*01R002 99 105 1 913 161 
98-042L*00H003 103 109 1 898 158 
98-009L*01H060 144 109 3 854 150 
98-034L*01H044 109 105 1 841 148 
98-084L*01H029 207 105 1 809 142 
98-015L*01H035 120 87 1 802 141 
98-012L*01H172 137 105 2 786 138 
98-037L*01R005 93 105 1 781 138 
98-017L*01R001 78 105 2 764 135 
98-061L*01H079 85 105 2 759 134 
98-012L*01H183 100 94 1 749 132 
97-041L*01H006 109 97 1 744 131 
98-009L*01H023 119 109 2 741 130 
98-034L*01H009 107 105 1 739 130 
98-009L*01H010 146 111 2 730 129 
98-085L*01H005 109 105 2 727 128 
98-062L*01H007 64 105 1 722 127 
98-035L*01R014 124 109 1 720 127 
Mean 112 104 1.5 535  
SED - - - 239  
1 Lodging score:  0 = no lodging to 9 = all lodged. 
2 Seed yield analysed using REML statistical methods. 
Stage 3/4 evaluation 
Mean seed yield of the S3/4 evaluation trial at Merredin was 631 kg/ha (Table 49).  Similar to the S2 
trial, seed yields were limited by some waterlogging early in the season and dry conditions in 
September and October.  Plant establishment averaged 101 plants/m2 and was variable, ranging from 
57 to 149 plants/m2.  Aldinga, Cassab, Cumra and Nugget all produced greater seed yields than 
Digger, but Northfield and Matilda produced 6% and 21% less seed yield, respectively.  A number of 
advanced breeding lines, indicated by the ‘CIPAL’ naming system, are showing good performance in 
WA.  The lines CIPAL411, CIPAL415 and 96047L*00H032 were the best performers with yields 
exceeding 800 kg/ha.  
Two advanced breeding lines (CIPAL 203 and CIPAL 402) are being released in 2005. CIPAL203 is a 
red lentil with many similar characteristics to Northfield, including seed shape and size, but will be 
more suited to longer season environments in eastern Australia where Northfield is well-adapted.  
CIPAL402 is a green lentil and aimed at a replacement for Matilda.  Both new varieties have improved 
disease resistance (ascochyta blight and botrytis grey mould) compared to current varieties. In this 
trial CIPAL203 performed poorly yielding 32% less than Digger (Table 49).  On the other hand, 
CIPAL402 showed good vigour and produced 15% and 21% greater seed yield than Digger and 
Matilda, respectively. 
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At the S4 trial at Yandanooka, mean plant establishment was only 84 plants/m2 (Table 50).  This was 
probably due to some plant damage and death observed following Brodal herbicide application after 
emergence.  The variety Northfield and CIPAL203 appeared to show greater susceptibility to Brodal 
and hence, lower plant densities than other breeding lines and varieties.  Of the named varieties, 
Nugget produced the greatest seed yield at the site.  The breeding lines CIPAL415, CIPAL408, 
CIPAL405 and CIPAL402 produced more than 7% greater seed yield than Digger. 
The results from the S1, S2, S3 and S4 trials in WA and similar trials across Australia will be used to 
evaluate the potential of these lentil breeding lines and to identify where breeding lines are best 
adapted and where new varieties should be targeted for production.  Promising lines will be selected 
for further screening and yield evaluation in 2005. 
The two breeding lines (CIPAL203 and 402) being commercialised in 2005 show good improvements 
in disease resistance (ascochyta blight and botrytis grey mould) and seed quality over current 
varieties, but CIPAL203 has not shown improved yields over Digger and Cassab in WA.  CIPAL402 
has exhibited greater seed yield and larger seed size compared to Matilda in WA and offers a good 
alternative to growers wanting to produce green lentils. 
Table 49. Plant establishment (plants/m2), time in days after sowing to flowering (FLW) and seed yield1 
(SY, kg/ha and % Digger) of the highest yielding S3/4 lentil breeding lines and varieties at 
Merredin 2004 (sown 28 May) 
Breeding 
line/variety Previous name Plants/m
2 FLW SY SY (% Dig) 
Aldinga  81 106 719 130 
Cassab ILL7200 98 98 599 108 
Cumra  120 107 686 124 
Digger ILL5722 87 108 554 100 
Matilda ILL5823 57 108 521 94 
Northfield ILL5588 74 106 438 79 
Nugget ILL7180 101 108 626 113 
95M3-24 95M3-24 96 91 680 123 
95M3-7 95M3-7 90 94 754 136 
CIPAL202 94-009L*98H069 91 102 706 128 
CIPAL203 95-002L*96G3-98H002 74 107 376 68 
CIPAL402 94-004L*99R035 105 96 637 115 
CIPAL404 94-003L*98H075 94 94 780 141 
CIPAL405 94-005L*99H061 106 104 755 136 
CIPAL406 94-009L*99H141 86 94 700 126 
CIPAL408 96-047L*99R021 94 105 675 122 
CIPAL415 98-043L*99HS021 83 106 828 150 
CIPAL411  109 101 926 167 
CIPAL412  90 92 724 131 
CIPAL414  90 108 711 128 
CIPAL407  106 106 694 125 
CIPAL206  93 105 678 122 
CIPAL413  118 100 661 119 
CIPAL403  118 92 628 113 
CIPAL409  113 102 589 106 
CIPAL410  90 93 512 92 
CIPAL401  79 103 502 91 
CIPAL416  116 86 410 74 
96047L*00H032  107 105 853 154 
96024L*99H065  98 91 823 149 
94003L*98H039  136 95 776 140 
Mean  101 99 631  
SED  - - 121  
1 Seed yield analysed using REML statistical methods. 
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Table 50. Plant establishment (plants/m2), time to 50% flower (50% FLW, days after sowing) and seed 
yield1 (SY, kg/ha and % Digger) of lentil breeding lines and varieties at Yandanooka 2004 
(sown 4 June)  
Line/variety Previous name Plants/m2 SY SY (% Dig) 
Cassab ILL7200 78 888 91 
Digger ILL5722 91 974 100 
Matilda ILL5823 83 908 93 
Northfield ILL5588 65 915 94 
Nugget ILL7180 85 1109 114 
CIPAL415 98-043L*99HS021 79 1236 127 
CIPAL402 94-004L*99R035 92 1043 107 
CIPAL405 94-005L*99H061 93 1044 107 
CIPAL408 96-047L*99R021 81 1040 107 
CIPAL202 94-009L*98H069 79 981 101 
CIPAL203 95-002L*96G3-98H002 67 940 97 
95M3-24 95M3-24 84 933 96 
CIPAL404 94-003L*98H075 100 894 92 
95M3-7 95M3-7 81 869 89 
CIPAL406 94-009L*99H141 95 774 79 
Mean   84 970 - 
LSD 5%   18 - - 
cv%   15 - - 
1 Seed yield analysed using REML statistical methods. 
Lathyrus species 
Kadambot Siddique1, Kerry Regan2, and Colin Hanbury2 
1CLIMA, the University of Western Australia 
2Department of Agriculture, Western Australia 
New grass pea variety commercially released 
Lathyrus species are new crops in Australia with a potential area of 100,000-300,000 ha across 
southern Australia.  Among the lathyrus species, Lathyrus sativus (grasspea) and L. cicera (dwarf 
chickling) have shown production potential in Australia, the roles of both are seen as low input (hence 
low cost) multipurpose grain/forage crops.  They have some distinct advantages in these roles 
including; tolerance to a range of herbicides, tolerance to drought and waterlogging stresses 
(particularly grasspea), absence of hard seed and serious disease, tolerance to pests and high tissue 
nitrogen.  General aims of lathyrus research by CLIMA in Australia are to develop cultivars with 
improved yield and quality, identify role(s) as alternatives to current legumes in dry land farming 
systems and to develop animal feed markets.  
Animal feed studies with lathyrus show that it is competitive or better than lupins for producing live 
weight gains and wool growth in sheep.  The neurotoxin 3-(-N-oxalyl)-L-2, 3-diamino propionic acid 
(ODAP) in lathyrus sp. has constrained commercial releases to those with low seed concentrations 
(< 0.10%).  In 1998, CLIMA released one L. cicera variety ‘Chalus’ which has an ODAP concentration 
of 0.09%. 
In order to develop a high yielding Lathyrus sativus variety with low levels of ODAP (less than 0.1%), a 
hybridisation program was initiated by CLIMA in 1994.  One promising line, Lathyrus 20B, was 
developed in this breeding program. It has waterlogging and drought tolerance and seed yield has 
been similar or slightly less than field pea over the evaluation period (5 years).  Lathyrus 20B has 
ODAP levels of approximately 0.04–0.09%.  Lathyrus 20B is well adapted to low-high rainfall, neutral 
to alkaline fine textured soils in southern Australia.  It is a robust, low cost multi-purpose legume with 
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the flexibility to be used as a grain crop, for feed grain (ruminants and monogastrics), forage, hay or 
green manure.  
Lathyrus sativus varieties have not previously been released in Australia and therefore a weed risk 
assessment has been completed to allow Lathyrus 20B to be added to the permitted weeds species 
list for WA.  The new variety will be commercially released in February 2005 and is protected by Plant 
Breeders Rights. 
Pulse species 
Peter White1, Dennis van Gool1, Noel Schoknecht1, Richard Bell2 and Wendy Vance2 
1Department of Agriculture, Western Australia 
2Murdoch University 
Improving land evaluation for pulse production in WA 
In recent years, much has been written and promised about the potential for highly profitable pulses 
industries in WA.  This potential remains with considerable expansion in the field pea area predicted 
over the next 2 years.  However, the expansion of chickpea, faba bean and lentil cropping in WA has 
stalled, despite the significant advances that have been made in pulse production technologies.  It is 
important to understand the reasons for these declines and objectively assess the potential of these 
crop plants in the Western Australian environment so appropriate decisions about investments in their 
future development can be made.  This analysis needs to be on-going as new advances are made.  
For example, newly released varieties of chickpea and faba bean will overcome some of the 
constraints to the production of these crops that have caused their recent declines.  This paper reports 
progress on the component of ACIAR project LWR1/2001/051 designed to assess land suitability for 
crop diversification in south-western Australia. 
Land capability tables were constructed for each of the main pulse species:  field pea, chickpea, faba 
bean and lentil.  These tables consisted of a series of ratings and were developed by the team of 
‘expert agricultural scientists’ working in the Grain Legume Productivity Project at the Department of 
Agriculture, Western Australia.  Ratings were based on discussions within the project and can be best 
described as considered judgements taking into account personal experience and the research data 
that was available (both published and unpublished). 
A modified equation was used to estimate potential yield for each species.  The yield potential for each 
species was adjusted for each soil capability class.  Lower capability indicated greater constraints for 
plant growth and reduced yield.  Potential yield of chickpea was further adjusted to take into account 
the effects of low temperatures on pod formation.  Average monthly temperatures and rainfall figures 
were use to estimate the amount of seasonal rainfall remaining for chickpea to fill pods after pod 
initiation occurred.  
Plant disease has a large bearing on land suitability for pulse production that:  1) directly reduces 
yields through the damaging effects of infection;  2) indirectly causes yield reduction by forcing 
delayed sowing to manage disease.  We have not attempted here to simulate the complex 
relationships that cause disease to reduce yields.  Effects of disease were estimated simply by 
capping the maximum yield achievable in wetter environments (450 to 350 mm annual rainfall, 
depending on species). 
Results indicated that field pea had the highest yield potential across the widest range of 
environments of all pulse species. Assuming an average season, field pea yields remained above 
1.0 t/ha on about 90% of the soils throughout the State.  Highest potential yields were seen in the 
medium to high rainfall areas of the south east and northern wheatbelt. 
Faba bean produced its highest yields in the medium to high rainfall areas throughout the State with 
the largest area occurring in the Great Southern.  A significant area of high yield potential for faba 
bean was also identified around the Moora-Toodyay region, an area where faba bean are currently not 
commonly grown.  
High yields for chickpea could only be achieved in the Northern Agricultural Region or in small pockets 
west of Esperance to around Ravensthorpe (Figure 20).  The most significant area for chickpea 
production was identified in the medium to low rainfall areas along an axis extending from Coorow, 
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through, Mingenew, to Northampton.  Low yield potential for chickpea was indicated for much of the 
southern agricultural area, particularly in the Great Southern. 
Similarly low yield potential was indicated for lentil throughout most of the State except for a significant 
strip of land extending from north of Moora through to south of York.  As with faba bean, lentils are not 
commonly grown in this area despite indications from this analysis that they would be well suited to the 
region.  Scattered pockets with a high yield potential for lentil production were also identified around 
Coorow and the Mukinbudin-Koorda areas. 
Further analysis was conducted with chickpea to determine the potential impact of the release of cold 
tolerant varieties similar to Rupali and Sonali.  Results indicated that cold tolerant chickpea lines would 
expand the area where high yields for chickpea would be achieved into the northern part of the Great 
Southern and the south eastern wheatbelt. 
  
Figure 20. Map showing the potential yield (average season) of current chickpea varieties (left) and a 
chilling tolerant chickpea that is able to set pods at 1.5ºC lower than current varieties (right). 
Future work is aimed at:  1) improving and verifying the accuracy of the model;  2) skill testing the 
model against yield data from field trials, crop yields and farmer surveys;  3) removing the disease 
constant from the potential yield calculation and incorporate disease risk as a separate layer;  
4) adding cost and price data into the yield layer and explore better ways of making comparisons 
among the different pulse crops. 
 
New pulse varieties and where they fit in 
Kerry Regan1,2, Peter. White1,2, Kadambot Siddique2 and Kedar Adhikari1,2 
1Department of Agriculture Western Australia 
2CLIMA, The University of Western Australia 
Pulses enjoyed a buoyant period during the 1990s in WA with the area of production increasing from 
about 25,000 ha in 1990 to almost 200,000 ha in 1999.  However, the arrival of several fungal 
diseases and dry seasonal conditions favouring continuous crop options has seen the pulse area 
decline to about 100,000 ha in 2004.  In particular, diseases such as anthracnose of albus lupin, 
ascochyta blight of chickpea, and epidemics of chocolate spot of faba bean caused a rapid decline in 
the area sown to these three species.  Australian pulse breeding programs and agronomy research 
teams have responded by focusing efforts into developing new varieties with improved disease 
resistance and robust integrated crop management production packages.  In 2005, we are beginning 
to see some of the improved varieties emerge, creating optimism for the future of the pulse industry in 
WA. 
Albus lupin 
Albus lupin breeding at DAWA has focused on developing breeding lines with improved anthracnose 
resistance and good adaptation to the northern and north-eastern agricultural regions.  Higher prices 
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and more reliable yield on fine textured soils made albus lupin more desirable than narrow-leaf lupin to 
growers.  Their tallness also makes them easier to harvest than narrow leafed lupins, which is an 
advantage on the rocky loam soils of the north eastern cropping region.  One breeding line, 
WALAB2000, has been selected through a combination of glasshouse and field screening under 
severe disease pressure (Table 51).  WALAB2000 is similar to Kiev Mutant, but slightly later in 
maturity and with improved anthracnose resistance. In comparative yield trials, WALAB2000 has 
produced yields about 10-15% less than Kiev Mutant.  Kiev mutant is extremely susceptible to 
anthracnose, while WALAB2000 is only moderately susceptible.  With this level of resistance, the new 
variety is best suited to medium-low rainfall areas of the northern agricultural region east of a line from 
Nabawa through Mingenew to Carnamah.  In higher rainfall regions west of this region, blue lupins are 
more plentiful and serve as reservoirs of inoculum which can still cause significant yield loss in 
WALAB2000.  The new variety also shows potential for other areas outside the northern agricultural 
region, such as the central and great southern cropping zones, where blue lupin is not a common 
weed. 
WALAB2000 is the first improved anthracnose resistant albus lupin variety and provides new 
opportunities to rebuild an industry in WA.  However, anthracnose still poses a disease threat in this 
new variety and standard anthracnose management techniques, including identification of infected 
seed lots through seed testing, and fungicide seed dressing will still need to be implemented.  
COGGO holds sole rights to commercialise the variety outside WA and has signed an agreement with 
AWB seeds Ltd to commercialise in eastern Australia.  COGGO’s contributing members have the right 
to participate in commercialisation of the variety in WA.  WALAB2000 will be named and released in 
2005.  Seed for commercial production will be available to growers in 2006. 
Desi chickpea 
Development of locally adapted ascochyta resistant desi chickpeas has continued in 2004.  Three 
varieties, Rupali, Sonali and Genesis 836, with improved ascochyta resistance and yield are now 
available, although seed stocks are still being increased.  These varieties have much greater 
resistance to ascochyta blight than Sona, however careful management is still required including seed 
dressing, and early applications of fungicide (4 and 7 weeks after emergence). 
The new varieties produce greater yields than Sona, with Sonali producing the highest yield (~18% 
higher than Sona).  Rupali has outstanding seed quality which is likely to attract a premium from 
traders.  Genesis 836 also yields well (~15% higher than Sona), has improved harvest height and has 
the best ascochyta resistance.  Rupali and Sonali mature earlier than Sona and have improved chilling 
tolerance.  They are well suited to the medium to low rainfall areas of the Northern Agricultural Region.  
Their improved chilling tolerance also allows podding to develop at lower temperatures than for other 
varieties, which is likely to allow more reliable production of chickpeas on suitable soil types in the 
southern agricultural regions.  Genesis 836 is also well suited to the medium to low rainfall areas of 
the Northern Agricultural Region. 
Considerable progress is being made in developing chickpea varieties with improved ascochyta 
resistance.  Releases are anticipated from Victoria, New South Wales and WA over the next few 
years.  One line showing good potential, FLIP 510C, yielded 12% greater than Sona in CVT trials in 
WA during 2004.  This line was rated at the Medina ascochyta disease nursery at 3.8 (on a scale of 
1 to 9, where 0 = no disease and 9 = dead).  In the same nursery, Genesis 836 rated 5.0, Sonali 5.5, 
Rupali 6.3, Howzat 7.0 and Sona 8.1. 
Cheaper and more robust techniques for managing disease are also being developed that take 
advantage of the improved levels of resistance in the new varieties. 
Kabuli chickpea 
There have been two research projects in WA developing high value kabuli chickpea varieties.  The 
first, funded by GRDC, focused on high yielding and premium quality varieties for the tropical ORIA 
and the second, funded initially by GRDC and currently by COGGO, has involved off-shore screening 
and introduction of breeding lines to develop ascochyta resistant varieties for Australia.  As a result of 
this research effort, one new variety, Kimberley Large, has been released for the ORIA in 2004 and 
one or two ascochyta blight resistant varieties are expected to be released later in 2005.  
Kimberley Large was commercially launched for the ORIA in August 2004 at Kununurra.  The new 
variety, tested as GCN133-2, produces on average 6% greater seed yield, a greater proportion of 
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seeds larger than 10 mm in diameter and 5% greater seed weight (55 to 62 mg/seed) compared to the 
current variety (Macarena).  The new variety offers improved profitability for growers with grain prices 
around $1500–2500 /t.  Kimberley Large has also been tested in Central Queensland and shows a 
yield advantage over Macarena in that environment. Kimberley Large is not resistant to ascochyta, but 
this disease does not occur in the ORIA or Central Queensland regions where the variety will be 
grown.  
Three promising ascochyta resistant cross-bred lines (FLIP97-530CLIMAS, FLIP97-537DCLIMAS and 
FLIP97-503CLIMAS) have been identified as potential new kabuli chickpea varieties for Australia.  The 
three lines have produced up to 20% greater seed yields than the current variety Kaniva, with larger 
seeds and similar seed colour.  Their ascochyta resistance is significantly better than the susceptible 
variety Kaniva, allowing considerably reduced fungicide application and more reliable production.  The 
lines are suited to the medium to high rainfall regions of WA on soil with good moisture holding 
capacity and areas with mild spring conditions favourable to seed filling.  In particular, the coastal 
region around Dongara, Mingenew, the Avon Valley and parts of the south coast offer the most 
suitable environments.  Seed production has been undertaken by COGGO growers in WA and a 
commercial partner (AWB Seeds Ltd) in eastern Australia during 2004.  One or two of the lines will be 
commercially released in early 2005 and seed will be available to growers for the 2006 season. 
Lentil 
Two new lentil varieties will be commercialised in 2005 through the GRDC funded national breeding 
program (CIPAL).  The lines, tested as CIPAL203 (red type) and CIPAL402 (green type), will be the 
first varieties released from the Australian crossing program and offer improvements in disease 
resistance.  However, only CIPAL402 shows any yield advantage over the existing red lentil varieties 
currently recommended in WA.  CIPAL203 has resistance to ascochyta blight and botrytis grey mould.  
It is similar to Northfield in many characteristics, including seed shape, and will be suited to longer 
season environments in southern Australia where Northfield is well-adapted.  In WA, CIPAL203 has 
produced similar yields to Northfield, about 20% less than Cassab.  CIPAL402 is a green lentil with 
improved ascochyta blight and botrytis grey mould resistance, vigour, and larger seed size compared 
to the green lentil variety Matilda.  Seed size is an important market characteristic for green lentils, 
with larger volume markets available for green lentils with bigger seed, similar to the Canadian variety 
Laird.  The large seed size of CIPAL402 (about 30% larger seeds than Matilda) improves the 
opportunities for the new variety in the market.  CIPAL402 exhibits improved yield and quality 
compared to Matilda, and has produced similar or greater yields than Cassab and Digger in limited 
yield evaluation trials in WA during 2003 and 2004.  CIPAL402 may offer a good alternative to growers 
wanting to produce green lentils in WA. 
Faba bean 
Two new varieties of faba bean are available to growers:  Farah and Cairo.  Farah, tested as 483/3, is 
an ascochyta resistant selection of Fiesta developed in South Australia.  Farah has produced similar 
yields to Fiesta in trials in WA, has ascochyta blight resistance similar to Ascot, and has moderate 
resistance to chocolate spot (similar to Fiesta) and rust.  This variety is an excellent replacement for 
Ascot in ascochyta blight prone southern areas providing greater yield, better seed quality and 
improved resistance to chocolate spot and rust compared to Ascot.  Farah is also a good alternative to 
Fiesta, substantially reducing the requirement for early fungicide applications to manage ascochyta 
blight.  Cairo, tested as SP95054, was released for northern NSW.  It is an early flowering variety with 
good yield potential, seed quality and resistance to rust.  It has slightly better chocolate spot resistance 
than Fiord, but is slightly more susceptible to ascochyta blight.  It is earlier flowering than Fiord and 
has excellent seed quality.  Cairo has produced better yields than Fiord in limited trials in WA so far, 
but further evaluation is still required.  This variety should offer reliable yield gains to growers, but will 
only be suited to areas north of the Great Eastern Highway where ascochyta blight is not a serious 
disease of faba bean. 
Lathyrus species  
Lathyrus species are new crops in Australia and have shown potential as low input (hence low cost) 
multipurpose grain/forage crops.  These crops have many advantages, including tolerance to 
waterlogging, few diseases, tolerance to a wide range of post-emergent herbicides, tolerance to red 
legged earth mite and no hard seededness.  One of the main shortfalls of lathyrus has been the 
presence of a seed toxin known as ODAP (oxalyl diamino propionic acid), which has been implicated 
in a paralysis of the legs in animals and humans when consumed in large quantities for a prolonged 
period of time.  However, a low ODAP (0.09%) dwarf chickling (Lathyrus cicera) variety, Chalus, was 
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released by CLIMA in 1998 and now a new grasspea (Lathyrus sativus) line (Lathyrus 20B) with low 
ODAP (< 0.08%) has been developed through a hybridisation program initiated through CLIMA in 
1994. 
Lathyrus 20B is well adapted to low-high rainfall, neutral to alkaline fine textured soils in southern 
Australia.  It has waterlogging and drought tolerance and seed yield has been similar or slightly less 
than field pea over the evaluation period (5 years).  It is resistant to the common fungal disease of field 
pea ‘blackspot’.  Lathyrus 20B has ODAP levels of approximately 0.04–0.08% and provides excellent 
potential as a multipurpose crop for feed grain in cattle and sheep, fodder, hay and green manure.  
Seed increase was carried out at Kununurra and Medina in 2004 and the new variety will be 
commercially released and named in February 2005. 
Table 51. Characteristics and areas suggested for production of new pulse varieties in WA 
Species, variety name  
and/or test name Characteristics Suggested areas 
Faba bean 
Cairo  
(tested as SP95054) 
• Flowering earlier than Fiord 
• Yield > Fiord 
• Seed quality > Fiesta 
• CS1 resistance > Fiord 
Low to high rainfall areas north of the Great 
Eastern Highway where ascochyta blight is not a 
serious risk. 
Faba bean  
Farah  
(tested as 483/3) 
• Yield = Fiesta 
• Seed quality = Fiesta 
• CS = Fiesta 
• AB2 = Ascot 
Medium to high rainfall areas (similar adaptation 
to Fiesta) and offers a good alternative to Ascot 
in ascochyta blight prone areas.   
Albus lupin  
WALAB2000 
• Yield < Kiev Mutant 
• AN3 > Kiev Mutant 
• Flowering later than Kiev 
Mutant 
• Seed quality = Kiev Mutant 
Medium to low rainfall areas of the northern 
agricultural region east of a line from Nabawa 
through Mingenew to Carnamah and in the 
central and great southern cropping zones, 
where blue lupin is not a common weed. 
Desi Chickpea 
Sonali (WACPEA 2075) 
Rupali (WACPEA 2095) 
Genesis 836 (ICCV 96836) 
• Yield > Sona 
• AB > Sona 
Medium to low rainfall zones in the northern 
agricultural region. 
Kabuli chickpea  
Kimberley Large  
(tested as GCN133-2) 
• Yield > Macarena 
• Seed size > Macarena 
• seed colour = Macarena 
• Not resistant to ascochyta 
blight 
ORIA and  
Central Qld 




• Yield > Kaniva 
• Seed size > Kaniva 
• Seed colour = Kaniva 
• AB > Kaniva 
Medium to high rainfall areas of the coastal 
region around Dongara, Mingenew, the Avon 
Valley and parts of the south coast. 
Lentil 
CIPAL402 
• Green type 
• Yield > Matilda (≥ Cassab) 
• Seed size > Matilda 
• AB and BGM4 > Matilda  
CIPAL402 is most suited to medium rainfall 
regions as a replacement for Matilda. 
Lentil  
CIPAL203 
• Red type 
• Yield = Northfield (< Cassab) 
• Seed size and colour = 
Northfield 
• BGM > Northfield 
CIPAL203 is unlikely to show improvement over 





• First Lathyrus sativus 
(grasspea) released in 
Australia 
• Low ODAP (< 0.08%) 
• Yield ≤ field pea 
Low to high rainfall regions of southern Australia, 
with similar adaptation to field pea, but better 
waterlogging tolerance than Chalus.  Chalus is 
more suited to low to medium rainfall areas.  
Lath 20B also produces more dry matter than 
Chalus. 
1 CS = chocolate spot resistance. 
2 AB = Ascochyta blight resistance. 
3 AN = Anthracnose resistance. 
4 BGM = Botrytis grey mould resistance. 
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Increased benefits of phosphorus fertiliser through the use of new legumes 
Mohammad Nuruzzaman1, Erik Veneklaas1, Hans Lambers1, Mike Bolland2 
1The University of Western Australia 
2Department of Agriculture, Western Australia 
As part of this project, in 2004 we conducted a pot experiment to study the production and distribution 
of organic acid and acid phosphatase in relation to the depletion of different phosphorus fractions in 
the rhizosphere of white lupin (Lupinus albus L. cv. Kiev Mutant), field pea (Pisum sativum L. cv. 
Dundale) and faba bean (Vicia faba L. cv. Fiod) compared with wheat (Triticum aestivum L. cv. Camm) 
in P-deficient Northcliff (WA) soil.  Soils were collected from a wheat field trial treated with 0 and 15 kg 
P ha-1 (P0 and P15) in the preceding year.  The plants were grown in PVC tubes which were closed at 
the bottom by 38 µm mesh nylon cloth to create a root mat against the mesh and rhizosphere soil on 
the opposite side.  The plants were harvested at 50 days after sowing.  Thin slices of soil were cut at 
distances 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 mm from the mesh surface and analysed for pH, carboxylates, 
acid phosphatase and different P fractions. 
Amongst the plant species only white lupin exuded detectable amounts of citrate.  The concentration 
of citrate decreased with increasing the distance from the roots to reach a base level at a distance of 
4 mm.  Acid phosphatase activity of legume plants was higher than wheat.  Amongst the legume 
plants, the highest acid phosphatase activity was observed in the rhizosphere of white lupin which was 
followed by faba bean and field pea, respectively.  In all the plant species, acid phosphatase activity 
decreased with distance from the root surface. 
Generally, the quantities of inorganic phosphorus fractions were NaOH-Pi > NaHCO3-Pi > water-Pi 
> citrate-Pi while the organic fractions were NaHCO3-Po> NaOH-Po>citrate-Po in both the P levels.  
Both Pi and Po were depleted near the root surface in all the plant species.  The amount of the 
depletion of NaOH-Pi and NaHCO3-Po were higher.  The maximum depletion of organic phosphorus 
was observed in white lupin which was followed by faba bean, field pea and wheat, respectively. 
Acid phosphatase activity of the different layers of rhizosphere soil of the plant species showed a 
strong positive correlation with the sum of the depleted Po in these layers in both P0 (r = 0.96 **) and 
P15 (r = 0.91**), respectively. 
 
Carboxylate composition of root exudates and the ability of wheat, canola and 
different lupin and pulse species to utilise phosphorus from soluble and 
sparingly soluble phosphorus sources 
Stuart Pearse1, Erik Veneklaas1, Mike Bolland2 and Hans Lambers1 
1University of Western Australia 
2Department of Agriculture, Western Australia 
The exudation of carboxylates from roots into soil mobilises bound phosphate that is otherwise 
unavailable for plants that do not release carboxylates.  The study of the release of these compounds 
offers considerable potential for increasing Australian dryland cropping efficiency with regard to 
phosphorus utilisation.  The objective of the present study was to compare a range of lupin and pulse 
species with respect to their carboxylate composition and net release, and their ability to access 
different forms of phosphorus.  
We screened for the presence of carboxylates in the rhizosphere of Brassica napus, Cicer arietinum, 
Lens culinaris, Lupinus albus, L. angustifolius, L. atlanticus, L. cosentinii, L. luteus, L. mutabilis, 
L. pilosus, Pisum sativum, Triticum aestivum and Vicia faba grown in sterilised, washed river sand 
flushed twice weekly with 3 or 300 µM P.  Malic and citric acid were dominant for all species with the 
exception of Lens culinaris and C. arietinum, which produced primarily malonic acid.  We studied the 
effect of P supply as soluble KH2PO4, compared with sparingly soluble AlPO4, FePO4, or Ca5OH(PO4)3 
at 40 µg P g-1, and 0 µg P g-1 (control), on biomass accumulation and rhizosphere carboxylates 
produced by T. aestivum, B. napus, C. arietinum, P. sativum, L. albus, L. angustifolius and 
L. cosentinii.  The rate of 40 µg P g-1 was chosen from a preliminary experiment where T. aestivum 
and L. albus were supplied with 10, 20, 40, or 100 µg P g-1 as KH2PO4 or AlPO4.  This rate produced 
clear biomass differences without visual signs of Al or P toxicity.  There were no simple relationships 
between biomass accumulation, root mass ratio, rhizosphere extract pH and carboxylate release.  
Total carboxylate release by species varied depending on the form of P supplied, but composition was 
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affected only by soluble P supply.  The lack of an obvious relationship between P uptake and 
rhizosphere chemistry suggests that root exudates have different effects in species with different root 
morphology. 
Further studies will try to establish links between the root morphology, rhizosphere pH, carboxylate 
release and the capability of different species to access sparingly soluble phosphorus sources. 
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DISEASES AND PESTS  
Fungal diseases 
Effect of simazine on brown spot tolerance of lupins 
Geoff Thomas and Ken Adcock, Department of Agriculture, Western Australia 
Brown spot (Pleiochaeta setosa) is a significant disease of lupins within Western Australia.  Brown 
spot infection can result in development of necrotic lesions on leaves, premature defoliation, reduced 
plant vigour and in severe cases plant death.  Simazine is used for lupin production on most farms in 
Western Australia.  Some varieties show intolerance to triazine herbicides, however the damage is 
usually minimal and simazine is considered on the whole to be safe for use.  It is already known that 
factors which reduce the growth rate and health of lupins can increase the effects of diseases such as 
brown spot, therefore in situations where simazine reduces seedling growth (even marginally) there is 
a possibility that inherent plant resistance to brown spot may be reduced.  
During 2003 and 2004 three small plot experiments at Medina Research Station and two glasshouse 
experiments were conducted to examine interactions between rates of simazine and brown spot 
severity.  
At Medina, all experiments used split plot designs to examine the impact of rates of simazine and 
presence or absence of brown spot infested soil on the growth and presence of symptoms on 4 lupin 
varieties.  Experiment 3 also examined the interaction between these factors and the efficacy of Rovral 
seed dressing.  Assessments of brown spot severity on leaves were made at regular intervals and 
plants were removed for dry weight assessment 10 weeks after sowing. 
In two glasshouse experiments, lupin seed was sown into moist soil which was either untreated or 
pre-mixed with simazine to a concentration of 0.25 ppm (Expt. 1) or 0.05 ppm (Expt. 2).  Brown spot 
infection was developed by spray inoculation of a spore suspension onto half of the pots in each 
experiment.  Assessments of brown spot severity on leaves were made 2 weeks after inoculation and 
plants were removed for dry weight assessment 4 weeks after sowing. 
In glasshouse experiment 1 simazine increased the severity of brown spot leaf infection symptoms.  
Both simazine and brown spot reduced plant dry weight (Table 52) and there was an additive effect of 
brown spot and simazine on dry weight. In glasshouse experiment 2, brown spot caused leaf necrosis 
and dry weight reductions but the lower concentration of simazine had no effect on dry weight and no 
interaction with effects of brown spot occurred. 
Table 52. Effect of simazine and brown spot on dry weight of three lupin varieties in grown under 
glasshouse conditions (4 weeks after sowing, 2 weeks after brown spot inoculation) 
Plant dry weight (g/plant) 
Brown spot Simazine  
0 ppm 
Simazine  
0.25 ppm Mean 
Nil 0.13 0.11 0.12 
Inoculated 0.11 0.08 0.09 
Mean 0.12 0.09 0.11 
LSD:  Brown spot = 0.1, Simazine = 0.01, Interactions = 0.01. 
At Medina, in experiments 1 and 2 simazine caused some leaf scorching symptoms, particularly at the 
6 L/ha rate and this resulted in reduced dry weight 10 weeks after sowing.  Brown spot severity was 
moderate but still significant enough to cause reduced plant vigour and reduced plant dry weight.  
Severity of brown spot symptoms of leaves was not affected by any rate of simazine, despite the level 
of simazine damage that may have occurred.  Despite the lack of impact on brown spot leaf infection, 
there was an additive effect of simazine and brown spot on plant dry weight in all experiments 
(Table 53).  In experiment 3, Rovral seed dressing reduced brown spot severity to a similar degree 
both in the presence or absence of simazine. 
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Table 53. Effect of simazine and brown spot on dry weight of lupins (10 weeks after sowing) in two 
experiments at Medina Research Station 
Plant dry weight (g/plant) 





6 L/ha Mean 
Experiment 1     
Nil 4.7 4.0 3.9 4.2 
Inoculated 3.8 3.6 3.0 3.5 
Mean 4.3 3.8 3.5 3.8 
Experiment 2     
Nil 6.5 5.0 5.0 5.5 
Inoculated 5.6 4.8 4.6 5 
Mean 6.1 4.9 4.8 5.3 
Experiment 1 LSD; brown spot = 0.6, Simazine rate = 0.3. 
Experiment 2 LSD; brown spot = ns, Simazine rate = 0.6. 
Simazine can cause increased severity of brown spot leaf necrosis symptoms, however this occurred 
in only 1 of 5 experiments.  The greatest impact of simazine on brown spot appears to be the additive 
effect that both have on plant vigour and dry weight rather than increasing leaf necrosis.  Under field 
conditions brown spot is more damaging in less thrifty plants; simazine can reduce plant vigour and 
therefore has the potential to exacerbate the impact of brown spot on plant growth. 
 
Effect of moisture and temperature on blackspot spore maturation on field pea 
stubble 
Jean Galloway, Bill MacLeod, Pip Payne, Alan Harrod and Glenda Smith, Department of Agriculture, 
Western Australia 
Over the past 5 years research into the epidemiology of the fungus that cause blackspot 
(Mycosphaerella pinodes) on field pea has been carried out in WA.  We have significantly increased 
our understanding of how this pathogen survives on the previous season’s stubble and what triggers 
the production of spores in the following growing season.  Temperature and moisture are the two main 
components that influence the onset of spore maturation and also the potential number of spores to be 
released by blackspot of field pea.  Summer rainfall has been shown to influence the timing of the 
onset of maturation.  In areas receiving summer rainfall, spore maturation tends to occur earlier in the 
growing season compared with areas that receive no summer rainfall.  
Field pea stubble, naturally infected with blackspot, was weathered at 6 locations within WA in 2004.  
The ascospore release potential of these stubble samples was determined in the laboratory under 
repeatable conditions.  Obvious differences were found in the maturation process across the different 
locations (Figure 21a and 1b).  In previous years in the Southern Agricultural Region (SAR) the onset 
of the maturation process and the completion of spore release usually occurred early in the season 
with the majority of spores having been released by late June.  In 2004, spore release was finished by 
early-June in the Esperance (Scaddan) area (Figure 21a).  This coincides well with the time of sowing 
recommended for this area to reduce the risk of blackspot. In Katanning, spore maturation was 
delayed in 2004 compared with previous years due to the drier than usual summer conditions 
experienced in this area.  Peak ascospore release occurred in early-June and continued at relatively 
high levels through the vegetative growth (pre-flowering) stage of the pea crops (Figure 21a).  This 
delayed spore release at Katanning had the potential to cause a high level of blackspot in field pea in 
2004. 
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Figure 21. Mycosphaerella pinodes ascospore release potential on field pea stubble in 2004.  
(a) Southern Agricultural Region (Scaddan and Katanning); and  (b) Central and Northern 
Agricultural Region (Northam, Geraldton and Merredin).  Data for Three Springs is not shown, 
but was similar to Geraldton. 
In previous years it has been found that in the warmer Central and Northern Agricultural Regions 
(CAR and NAR) there is a tendency for the blackspot fruiting bodies to mature later than in the SAR.  
In the NAR the peak spore release period in 2004 was from mid-June onwards (Geraldton and Three 
Springs), this is similar to previous years.  In 2004, the effects of summer rainfall events in the CAR 
are very evident in the difference in maturation patterns observed between Merredin, where summer 
rainfall was received in 2004, and Northam, which received no summer rainfall during 2004.  At 
Merredin, spore release occurred from mid-May and the spore shower continued through until August 
(Figure 21b).  In Northam, the spore maturation and release pattern recorded in 2004 was quite 
different from that typically observed for this area.  While fruiting body maturation was delayed as 
expected by the dry summer conditions, the number of spores that were produced was also 
significantly reduced.  We think that this was due to unfavourably cold conditions that occurred during 
the maturation process in early winter.  Controlled environment experiments conducted in 2004 have 
shown that blackspot ascospore production is optimal at temperatures around 20°C and decline for 
lower temperatures.  
This data has been used to further validate the ‘Blackspot Appraisal’ model that predicts blackspot 
maturation and recommended time of sowing for field pea. 
 
Epidemiology and management of ascochyta blight in improved chickpea 
varieties 
Bill Macleod1, Jean Galloway1, Alan Harrod1, Pip Payne1, Martin Harries1, Murray Blyth1, Glenda 
Smith1, Tanveer Khan1, Kadambot Siddique2  
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Immediately after the outbreak of ascochyta blight of chickpea in WA, field experiments were 
conducted to produce a fungicide management package for the susceptible chickpea cultivars that 
were grown at the time.  That package has been shown to work well, but was expensive, as it relied on 
the use of the fungicide chlorothalonil applied at about 3 week intervals from 4 weeks after crop 
emergence.  
Since the outbreak of ascochyta, chickpea breeding programs around Australia have identified a 
number of potential varieties that are much less susceptible to ascochyta, some being moderately 
resistant.  Field trials have been conducted to determine an economic and robust fungicide 
management package for varieties with improving levels of resistance.  In parallel with this work, 
epidemiology research has also been progressing to ensure that recommended fungicide timings will 
be protecting the crop from wind-borne spore as well as seed-borne sources. 
Chickpea stubble, naturally infected with ascochyta blight (Ascochyta rabiei), was weathered at 4 
locations within WA in 2004.  The sexual stage of this pathogen (Didymella rabiei) produces wind 
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potential of these stubble samples was determined in the laboratory under repeatable conditions.  The 
timing of the start of ascospore release varied with geographical location (Table 54), but at all sites 
ascospores were still being released in August at the end of the trapping period. 
Table 54. The release of wind dispersed ascospores from ascochyta blight infected chickpea stubble in 
WA in 2004 
Geographic location Start of ascospore release Peak ascospore release 
Esperance (Scaddan) Late-March Mid-April to early-July 
Katanning Late-May Mid-June 
Geraldton Late-May Mid-June 
Northam Early-July Early-July 
This data will be used to further refine and validate the ‘Chickpea Blight Appraisal’ model.  The 
concept of this model is to provide growers with a prediction of when ascospore showers are likely to 
occur, so that time of sowing and fungicide spray applications can be optimised to reduce the risk of 
yield limiting levels of ascochyta blight.  
The relatively dry conditions experience during the 2004 growing season, and the improved resistance 
of the varieties use, both limited the build-up of ascochyta in fungicide trials in the central and northern 
agricultural regions.  These trials received the standard inoculation of 2 pieces of infected stubble per 
plot which has resulted in severe disease in trials with the varieties Sona and Howzat in previous trials. 
The four trials reported here compared the disease control achieved in improved desi and kabuli lines 
only.  The susceptible varieties such as Sona or Kaniva were not included because, without frequent 
fungicide sprays, these varieties become heavily infected and act as an on-going source of disease 
within the trial.  This constant re-inoculation of the improved varieties would lead to more fungicide 
sprays being recommended than would be required for a sole crop of that variety.  
Kabuli chickpea trials were established at 2 high rainfall sites, Beverley (Avondale Research Station; 
H3/M3) and Irwin River flats 5 km north of Dongara (H1).  The sowing date and fungicide application 
rates and dates are given (Table 55). All seed was treated with P-Pickel-T.  The disease inoculated 
rate of 2 infected pieces of stubble per plots is equivalent to a seed transmission rate of about 0.15%.  
The three varieties (2 at each site) included in these trials have been developed by CLIMA through 
international collaborative projects.  They are all moderately resistant to ascochyta blight and produce 
bold, bright seed, and are currently being bulked for release.  This is the first year replicated fungicide 
management trials have been conducted with these varieties. 
Due to the level of resistance of these varieties, a 3 weekly fungicide spray program was not 
necessary to estimate potential yield.  All varieties received 4 spray programs of chlorothalonil 
(Bravo®), each of which started with an early spray 4 weeks after emergence followed by one, two or 
three follow-up sprays (Table 55).  Each variety also received a two spray program of 2 kg/ha of 
mancozeb.  The 4 fungicide application time was late at Beverley and probably had little effect. 
Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
105 
Table 55. Final disease score and yield of 3 kabuli chickpea varieties in response to 4 chlorothalonil  
and 1 mancozeb fungicide application regimes for experiments conducted at Mingenew and 
Merredin 2004 
Dongara Beverley 








Variety     
Flip97-503 0.9 2.56   
Flip97-530 1.0 2.57 0.8 0.71 
Flip97-537D   1.5 1.06 
LSD 5% NS (1.0) NS (0.05) NS (1.2) 0.68 
Fungicide programs     
4 Sprays (1-4 Bravo) 0.2 2.63 1.0 0.95 
2 sprays (1 and 2 Bravo) 0.8 2.52 0.9 0.88 
2 sprays (1 and 2 mancozeb) 1.1 2.52 1.4 0.82 
2 sprays (1 and 3 Bravo) 1.2 2.57 1.3 0.96 
2 sprays (1 and 4 Bravo) 1.6 2.57 1.3 0.82 
LSD 5% 0.7 NS (0.23) 0.5 NS (0.27) 
* Details of foliar fungicide applications. 
Spray timing Dongara Beverley 
 Sown - 27 May Sown – 30 May 
4 weeks PE 5 July, 1.5 L/ha Bravo or 2 kg mancozeb 9 July, 1.5 L/ha Bravo or 2 kg mancozeb 
7 weeks PE 26 July, 1.5 L/ha Bravo or 2 kg mancozeb 30 July, 1.5 L/ha Bravo or 2 kg mancozeb 
Flowering 30 August, 1.5 L/ha Bravo 20 August, 1.5 L/ha Bravo 
Podding 8 October, 1.5 L/ha Bravo 13 October, 1.5 L/ha Bravo 
The most conspicuous result from the two kabuli trials is the very good yields achieved at Dongara 
from both varieties.  The yields were much lower at Beverley and Flip 97-537D appears to be better 
adapted to the dryer conditions experienced there during 2004.  There were no yield differences 
between the fungicide programs at either site, although there is a suggestion that spray 3 (flowering) 
has been effective in protecting yield, while the mancozeb program was less effective than 
chlorothalonil. 
Satellite plots were also sown at both sites, these received no fungicide sprays.  At both sites, 
significant disease patches developed in plots of both varieties used in that trial.  These satellite plots 
illustrated that even with the level of resistance present in the kabuli varieties, a fungicide program of 
at least 2 strategically times fungicide sprays will be required to maximise yield and prevent an 
increase in disease pressure which will threaten both the current crop and the following year’s crop. 
Desi chickpea trials were established at 2 medium rainfall sites, Merredin Research Station (L3) and 
Yandanooka (15 km south east of Mingenew; M1).  The sowing date and fungicide application rates 
and dates are given (Table 56).  As with the kabuli trials, all seed was treated with P-Pickel-T and the 
disease inoculation equivalent to a seed transmission rate of about 0.15% was used. 
Compared to desi chickpea trials conducted during the past 4 years, the level of disease in these trials 
was low.  This was partly a result of omitting the susceptible varieties, Sona and Howzat, from the 
comparison and also partly due to the weather conditions being less conducive to ascochyta spread.  
Nonetheless, Flip94-508C was demonstrated to be more resistant to ascochyta blight than Sonali, 
although it was also shown to be not well adapted to the low rainfall, short season environment at 
Merredin. 
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Table 56. Final disease score and yield of 2 desi chickpea varieties in response to 4 chlorothalonil and 1 
mancozeb fungicide application regimes for experiments conducted at Mingenew and 
Merredin 2004 
Mingenew Merredin 








Variety     
Sonali 0.8 1.15 0.4 0.64 
Flip94-508C 0.1 1.11 0.1 0.37 
LSD 5% 0.2 NS (0.22) NS (0.7) NS (0.44) 
Fungicide programs     
4 sprays (1-4 Bravo) 0.2 1.19 0.1 0.54 
3 sprays (1,2 and 3 Bravo) 0.1 1.20 0.1 0.52 
3 sprays (1,2 and 3 mancozeb) 0.7 1.05 0.5 0.42 
3 sprays (1, 3 and 4 Bravo) 0.6 1.14 0.6 0.57 
2 sprays (1 and 2 Bravo) 0.4 1.07 0.0 0.50 
LSD 5% 0.3 0.12 0.4 0.10 
* Dates and details of sowing and foliar fungicide applications. 
Spray timing Mingenew Merredin 
 Sown - 27 May Sown – 4 June 
4 weeks PE 5 July, 1.5 L/ha Bravo or 2 kg mancozeb 12 July, 1.5 L/ha Bravo or 2 kg mancozeb 
7 weeks PE 26 July, 1.0 L/ha Bravo or 2 kg mancozeb 5 August, 1.0 L/ha Bravo or 2 kg mancozeb 
Flowering 30 August, 1.5 L/ha Bravo or 2 kg mancozeb Sonali only 7 Sept, 1.5 L/ha Bravo or 2 kg 
manc’ 
Flowering  Flip94-508C only 24 September, as above 
Podding 8 October, 1.5 L/ha Bravo Not applied 
It is evident from the disease scores that both early sprays (4 weeks and 7 weeks after sowing) are 
required for effective management of Ascochyta blight, the 3 spray program that omitted the spray 7 
weeks after emergence were less effective than the two early sprays.  While the two early sprays were 
as effective as the 4 spray program under the low disease conditions of 2004. 
As in the kabuli trials, 3 sprays of mancozeb were less effective than two early sprays of chlorothalonil 
in minimising disease development.  In years favourable to ascochyta development, the differences in 
control provided by chlorothalonil and mancozeb observed in these trials may become greater with a 
commensurately larger impact on yield. 
Satellite plots were also sown at both the desi chickpea trial locations, these did not receive the early 
fungicide spray.  At both sites, significant disease developed in plots of both varieties.  These satellite 
plots illustrated that even under the relatively low disease conditions of 2004, omitting the first 
fungicide spray will allow the disease to develop to a level that cannot be reined in by later sprays. 
The results from these trials supports the fungicide package we proposed last year for these improved 
desi varieties, i.e. the first 2 fungicide sprays, approximately 4 weeks and 7 weeks after emergence, 
will need to be applied.  The requirement for subsequent sprays will be determined by whether or not 
disease develops in the crop, if ascochyta is observed then a fungicide spray during flowering or early 
podding is strongly recommended. 
To achieve the cheapest fungicide management program, chickpea growers must also observe other 
aspects of the chickpea establishment package.  That is, selecting a paddock that is remote from 
where chickpeas were grown last year (both on their own and their neighbour’s properties) and which 
has not grown chickpeas for at least 3 years, then sowing during the recommended time determined 
by yield and disease risk considerations. 
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Botrytis grey mould of chickpea 
Bill MacLeod and Jean Galloway, Department of Agriculture, Western Australia 
Botrytis Grey Mould (BGM) of chickpea is caused by Botrytis cinerea.  It becomes apparent in spring 
when the chickpea crop flowers and warm, humid conditions prevail.  Chickpeas with vigorous 
seedling growth, early canopy (mid-winter) closure and early flowering (late winter) are most likely to 
develop BGM.  Serious epidemics of BGM occurred in desi and kabuli chickpea crops during 1997 and 
1998.  During 1999, BGM developed in some chickpea crops late in the growing season and caused 
significant damage, this was also the first season that ascochyta blight (Ascochyta rabiei) occurred in 
WA crops.  From 2000 to 2004, the disease has been observed infrequently, probably due to a 
combination of the drier seasons in 2000-2002, extensive fungicide spraying for ascochyta blight 
control and the low frequency of chickpeas crops.   
With the release of ascochyta blight resistant varieties of chickpea, and the associated reduction in 
fungicide sprays, BGM may again become a problem in the northern agricultural region during 
favourable seasons.  Research to understand the survival and spread of this disease and to identify 
varieties that are more resistant to BGM is in progress.  This should lead to the development of 
improved management packages for BGM that will compliment the improved ascochyta blight 
management packages.  
The possible role of latent infection in BGM (Botrytis cinerea) of chickpea was examined in a field trial 
in Northam and glasshouse trials at Shenton Park Field Station (UWA).  In Northam, trap plants placed 
next to the previous season's stubble on a weekly basis from April to September 2004 showed that 
viable Botrytis cinerea spores were spread from the stubble every week from early May to early 
August, and then sporadically from August to September.  This indicates that infection of the plants 
can be occurring at any time during the growing season and is not necessarily restricted to the period 
when BGM disease expression occurs.  Despite infection occurring, the dry finish to the season 
resulted in no BGM symptoms developing at the Northam trial site in 2004.  At the Shenton Park Field 
Station site no BGM was seen until flowering, but Botrytis could be isolated from apparently healthy 
tissue before flowering.  Severe stem girdling lesions developed on some plants, but leaf and flower 
lesions were more frequent.  However, leaf and flower infections are easily overlooked, as they are 
ephemeral and readily drop to the ground. 
Since the occurrence of Ascochyta blight in WA, it has become impossible to do BGM field trials 
without the complication of fungicides for Ascochyta management, or indeed an Ascochyta outbreak in 
the trial.  This problem has been overcome through a collaborative project with Bangladesh funded by 
Australian Centre for International Agricultural Research (ACIAR).  Bangladesh is an ideal partner in 
this project as they have annual and severe infections of BGM in chickpea crops, but do not have 
Ascochyta blight.  The project has achieved two years of field screening of chickpea germplasm at two 
sites in Bangladesh in addition to screening similar lines in growth-rooms at ICRISAT in India  
Screening of chickpea genotypes in Bangladesh in 2002-03 identified a substantial number of 
genotypes with potentially useful resistance to BGM, including two groups of genotypes with Cicer 
echinospermum parentage.  Field screening was again carried out at two sites in Bangladesh in the 
2003-04 growing season.  The 208 genotypes screened included 101 new entries from the chickpea 
breeding program at Tamworth, NSW.  Both BGM nurseries were exposed to natural disease 
nonetheless differentiation among entries for both yield and disease score was achieved with 77 of the 
entries yielding in excess of 100 g/plot (single row 2 m long). 
There was general agreement between the BGM disease scores and plot yields observed in both 
screening nurseries, therefore the two sites are considered here collectively as average data.  A 
relationship is apparent for entries with higher disease scores to have lower plot yields, however, this 
relationship only explains about 30% of the variability, the majority of this variability being dictated by 
relative adaptation to the environment (Figure 22).  This trend is also illustrated when the 10 highest 
yielding and 10 lowest yielding lines are considered.  The average disease score for the ten highest 
yielding lines is 4.6 (on the 0-9 scale) and the average yield 116 g/plot, whereas for the ten lowest 
yielding lines the disease score is 5.8 and the average yield 30 g/plot (Figure 23).  Furthermore, 
selection for reduced BGM severity has been effective as the mean scores of 4.3 for the 106 lines 
retained from the 2002/03 screening was lower the mean score of 5.3 for the 101 new entries 
screened for the first time in 2003/04. 
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Figure 22.  Relationship between average plot yield (g/plot) and Botrytis Grey Mould disease score (on 
0-9 scale) when averaged across screening nurseries at both Regional Agricultural Research 














































































































































Figure 23.   Botrytis Grey Mould (BGM) severity score (on 0-9 scale, bars) and yields (g/plot, squares) for 
the 10 highest and 10 lowest yielding lines when averaged across screening  nurseries at both 
RARS Jessore and RARS Ishurdi, Bangladesh, 2003-04. 
Four hundred and twenty four lines evaluated for resistance to BGM and Ascochyta blight in controlled 
environment at ICRISAT, Pantancheru, India.  Among these lines, none was observed to be immune 
or resistant, however, 108 entries were scores as moderately resistant (3.1-5 rating), 261 were 
susceptible (5.1-7 rating) and 39 highly susceptible (>7.0 rating). 
In addition to screening for resistance to BGM in chickpea the ACIAR project between Bangladesh 
and Australia is examining the variability within B. cinerea, the fungus which causes the disease.  
Isolates have been collected in Bangladesh in 2003 and 2004 and from various locations around 
Australia for genetic analysis by Dr Taylor at Melbourne University.  Microsatellite analysis revealed a 
total of 26 haplotypes or putative genotypes among the 59 isolates from Bangladesh.  These results 
have indicated the lack of population differentiation and revealed potential gene flow, especially 
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between individual sites within Bangladesh.  BGM of chickpea can therefore be considered a 
pathogen of ‘moderate-high risk’ to durable resistance breeding as it showed high gene diversity, 
evidence of gene flow between regions, and has a mixed reproductive system.  Isolates collected in 
2004 are yet to be included in this analysis and an alternative molecular analysis is currently being 
conducted by DAWA. 
 
Chocolate spot of faba bean 
Jean Galloway, Bill MacLeod, Pip Payne, Alan Harrod and Glenda Smith, Department of Agriculture, 
Western Australia 
Chocolate spot of faba bean is caused by Botrytis fabae.  It can occur throughout the WA agricultural 
area and is most severe in areas that experience warm, moist spring conditions.  Major crop losses 
occurred as a result of this disease in 1997 and 1998 resulting in a decline in the area planted to faba 
beans in subsequent years.  In 1999, severe chocolate spot was recorded on early sown crops but 
from 2000 to 2002, the disease was hard to find.  In 2003 and 2004 disease was reported in some 
areas but remained at low levels in fungicide treated crops.  Few faba bean crops have been grown 
since 2000 due in part to grower reluctance to grow faba beans until more resistant varieties and an 
improved chocolate spot management package are available.  The area of faba bean sown has also 
been limited by the lack of sowing opportunities in recent years. 
The sporadic nature of this disease makes it difficult to work with under natural conditions.  A 
chocolate spot nursery has been established at the Centre for Cropping Systems in Northam where 
trial work is conducted.  A small (5 x 5 m) irrigated area is sown into the previous seasons infected 
stubble in mid-April each year, to ensure there is an area in which chocolate spot develops from which 
spores can infect the remainder of the disease nursery.  The remainder of the area is sown when 
conditions suitable for planting occur.  In 2004, the faba beans plots were sown on the 9 June.  
The possibility that latent, or symptomless, infections which occur during the pre-flowering stage are 
playing a role in the development of chocolate spot was examined in 2004.  Infection opportunities 
were monitored on trap plants placed within the disease nursery on a weekly basis throughout the 
growing season.  Spore release and deposition of B. fabae occurred from early May onwards.  This 
spore release was initially from the previous season’s stubble (primary infection) and once disease 
expression occurred post-flowering, spore production and release was from chocolate spot lesions in 
the bottom of the canopy  (secondary infection).  Marker strains of B. fabae were used to prove that 
symptomless infection could occur during the vegetative stage and disease expression occur after 
flowering. 
A marker strain (Nit 1) of B. fabae was grown on sterilised grain.  Once colonised, the grain was 
placed in a mesh bag in the field at 6 weeks after sowing (6 WAS).  This primary inoculum source was 
left in the field for 3 weeks and removed at 9 WAS, 3 weeks prior to the start of flowering.  This maker 
strain was subsequently recovered from symptomless plants prior to flowering and throughout the 
reproductive stage until the end of October.  As the only possible infection period for this marker strain 
was between 6-9 WAS, this proved that latent infections are occurring in chocolate spot in faba beans. 
Strategically timed fungicide sprays were used to further examine the possibility that latent infections 
were occurring with chocolate spot and to determine if this symptomless infection was having any 
effect on yield: 
Pre-flowering fungicide sprays were applied from 3 WAS and thereafter at 3 week intervals until 
9 WAS.  The function of the pre-flowering spray was to control any primary infections that may have 
been occurring during the pre-flowering period.  At 9 WAS when the last pre-flowering fungicide spray 
was applied, there were no visible symptoms of chocolate spot in the faba bean crop.  Three weeks 
later, at 12 WAS, the crop was beginning to flower and the first symptoms were becoming apparent.  
Five weeks after the last pre-flowering spray was applied (14 WAS) there was still less disease in plots 
that had received early protection compared with plots that were not treated during the pre-flowering 
period (Figure 1a).  Due to the high level of inoculum produced on diseased plants post-flowering the 
level of secondary infection was very high.  This resulted in a steady build up of disease in the later 
part of the growing season in the plots that only received the pre-flowering fungicide sprays (i.e. inter-
plot interference (Figure 24a).  Consequently, there was only a 40 kg/ha yield difference between the 
pre-flowering fungicide treatment and untreated plots at harvest (Figure 24b).  
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Post-flowering fungicide sprays were applied when the crop was just beginning to flower (12 WAS) 
and 3 weeks later at 15 WAS.  The function of the post-flowering spray was to control secondary 
infections that occurs during the post-flowering or reproductive period when B. fabae sporulation is 
evident on chocolate spot lesions within the current season’s crop.  Where post-flowering sprays were 
applied, less chocolate spot developed and there was a yield increase of 150 kg/ha compared with the 
untreated plots (Figure 24).  
Pre- and post-flowering fungicide sprays were applied at 3 week intervals from 3 WAS until 
15 WAS.  The function of this regime was to control both primary infections that may have been 
occurring during the vegetative period and secondary infections that occurred during the reproductive 
period.  The plots that received both pre- and post-flowering sprays developed the least amount of 
disease (Figure 1a) and there was a yield increase of 350 kg/ha compared with the untreated plots 
(Figure 24b). 
If the yield increase for the pre- and post-flowering sprays are looked at on their own, it would appear 
that pre-flowering control of primary infection results in a 40 kg/ha yield increase and post-flowering 
control of secondary infection results in a 150 kg/ha yield increase.  If the two treatments were 
combined this should result in a yield increase somewhere in the region of 190 kg/ha, however the 
yield increase component for the pre- and post-flowering fungicide sprays was 350 kg/ha – nearly 
double the expected yield increase (Figure 24b).  In the absence of an ongoing source of spores, from 
unsprayed plots and the highly infected early sown area, the pre-flowering sprays alone would have 
been expected to have yields similar to the post-flowering spray treatment. 
This data further supports the idea that chocolate spot infection is occurring during the vegetative 
stage and is remaining latent or symptomless in the plant until disease expression is triggered around 
about the time of flowering.  Symptomless infection is therefore impacting on the final disease 
expression and yield.  
Please note that these sprays were used as a tool to understand the infection process and were not 
evaluated for disease management.  No consideration was given to the economic benefits of applying 
sprays according to this schedule.  The current recommendations for the economic control of 
chocolate spot in faba beans are unchanged and should be used commercially (Farmnote No. 
81/2002), however it is expected that confirmation of this research will lead to a change in the 








Figure 24. The impact of pre- and post-flowering sprays on the development of chocolate spot and yield 
loss in faba bean.  Pre-flowering sprays were applied at 3, 6 and 9 WAS.  Post-flowering 




















































Pre and Post flowering sprays
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Viruses 
Cultural control of AMV in lentil 
By Rohan Prince and Roger Jones, Department of Agriculture and CLIMA, The University of Western 
Australia 
A field trial was done at Avondale in 2004 to examine the effects of plant density and straw 
groundcover in limiting the spread of Alfalfa mosaic virus (AMV) in lentil.  AMV spread was very late 
due to exceptionally late arrival of aphid vectors.  High plant density suppressed virus spread 
significantly (by 56%) but straw had no effect on spread as, by the time aphids arrived and spread 
started, plant growth had covered the ground.  Groundcover effects on aphid landing rates and virus 
spread only occur when aphids arrive while plants are still small.  In the generic integrated 
management strategy produced for AMV control in pulses, these results help validate inclusion of high 
seeding rates to generate high plant densities and so reduce virus spread but not deployment of 
stubble retention to diminish aphid landing rates.   
 
Screening pulses for virus resistance and seed quality defects  
By Rohan Prince and Roger Jones, Department of Agriculture and CLIMA, The University of Western 
Australia 
In our 2004 Pulse Crop Update article, we described a large-scale screening trial done at Medina 
Research Station in 2003 which evaluated 81 different pulse lines for resistance/susceptibility to 
PSbMV and to seed staining defects caused by the virus.  The results were processed in 2004.  
Generally, the desi chickpea had the lowest percentage infection with PSbMV (5-36%), followed by the 
kabuli chickpea (14-47%), field pea (18-94%), lentil (60-92%) and, finally, faba bean had the highest 
(72-86%).  Two potentially PSbMV-resistant lines of field pea were found. None of the seven lupin 
species present became infected.   
Plants of all faba bean genotypes were severely symptomatic, while the lentil and pea genotypes were 
the least severely symptom-affected.  Chickpeas ranged in sensitivity.  Faba bean plant symptoms 
included leaf distortion, shoot tip distortion, varying degrees of mottle and varying degrees of stunting.  
Lentil symptoms were leaf distortion and a mild chlorosis.  Peas displayed a mild stunt, mild mottle and 
a shoot tip distortion.  The symptoms in the chickpeas were tip distortion, leaf distortion, stunt, and 
mild chlorosis (kabuli) or reddening (desi).  
The most severely affected seeds were those of faba beans (3-5 sensitivity rankings), with peas the 
next most severely damaged (3-4).  Least affected were lentils (all ranked 2).  With chickpea, kabuli 
were the most affected because the seed was darkened and the necrotic markings showed up more 
clearly (2.5-3.5).  Desi seeds were affected by line markings at an intermediate level (2-3).  The 
different types of seed staining symptoms found in each species were:  lentil - necrotic rings, 
malformation and reduced size;  pea - necrotic rings, malformation, reduced size and splitting;  kabuli 
chickpea - pronounced darkening of colour, necrotic rings, malformation, reduced size and splitting;  
desi chickpea - necrotic rings, malformation, reduced size and some darkening;  faba bean - necrotic 
rings, malformation, splitting and reduced seed size. 
Thus, with seed quality defects caused by PSbMV, field pea and faba bean were the most severely 
compromised.  Chickpea seed symptoms were more severe than previously thought while lentil seeds 
were the least compromised by Infection.  Darkening of kabuli chickpea seed by PSbMV is of concern 
in regards to sale price (in addition to malformation and reduced seed size) because of high priority 
put on colour in the market.  Pea lines and chickpea lines with potentially high resistance levels were 
identified.  Lentils all proved highly susceptible to infection by PSbMV.  Chickpea proved intermediate 
in susceptibility, but kabuli tended to be somewhat more susceptible than desi.  Lupins were not 
susceptible under these conditions, so PSbMV infection seems not of concern for this grain legume. 
A similar screening trail to that in 2003 was done in 2004, but there were fewer genotypes and more 
replicates of each.  Results will be reported at the 2005 Crop Updates. 
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Survey for viral seed staining in pulse seed lots 
By Rohan Prince and Roger Jones, Department of Agriculture and CLIMA, The University of western 
Australia 
In 2003-2004, a total of 150,966 seeds from 116 different pulse seed lots harvested from plots at 
Carnarvon, Dongara, Frankland, Merredin, Mingenew, Scaddan and Wilgoyne were examined for 
virus staining symptoms.  The numbers of seed lots examined were (numbers of seed lots/total 
numbers of seeds in brackets):  kabuli chickpea (5/3,752), faba bean (18/39,557), field pea 
(70/84,657) and lentil (23/23,000).  All seed lots of kabuli chickpea and field pea inspected contained 
some seeds with viral seed staining, while the figures were 10/18 and 1/23 for faba bean and lentil 
respectively.  The proportions of seeds within individual affected seed lots with viral staining were 
3-12% (chickpea), 1-7% (faba bean), < 1-32% (field pea) and < 1% (lentil).  Tests with antisera to Pea 
seed-borne mosaic (PSbMV), Broad bean stain and Broad bean true mosaic viruses on germinated 
seed samples from some of the worst-affected seed lots of faba bean (16) and field pea (7) detected 
only PSbMV virus.  
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APPENDIX II: List of common acronyms 
Acronym Full name 
ACCIP Australian Coordinated Chickpea Improvement Program 
ACIAR Australian Centre for International Agricultural Research 
ACPIP Australian Coordinated Pea Improvement Program 
AFLP Amplified fragment length polymorphism 
AMV Alfalfa mosaic virus 
APVMA Australian Pesticides and Veterinary Medicines Authority 
ARC Australian Research Council 
ATFCC Australian Temperate Field Crops Collection 
BARI Bangladesh Agricultural Research Institute 
BGM Botrytis grey mould 
CAR Central Agricultural Region 
CBH Co-operative Bulk Handling 
CIPAL Coordinated Improvement Program for Australian Lentils 
CLIMA Centre for Legumes in Mediterranean Agriculture 
CMV Cucumber mosaic virus 
COGGO Council of Grain Growers Organisation 
GSARI Great Southern Agricultural Research Institute 
CVT Cultivar Variety Testing 
DAWA Department of Agriculture, Western Australia 
DPI Department of Primary Industries 
ELISA Enzyme-linked immunosorbent assay 
GPWA The Grain Pool of Western Australia 
GRDC Grains Research and Development Corporation 
GSPGA Great Southern Pulse Grower Association 
HI Harvest Index 
IARI Indian Agricultural Research Institute 
ICARDA International Centre for Agricultural Research in the Dry Areas 
ICRISAT International Centre for Research in the Semi-Arid Tropics 
ORIA Ord River Irrigation Area 
NAR Northern Agricultural Region 
NARC Nepal Agricultural Research Council 
NFBIP National Faba bean Improvement Program 
PASE Pulse Association of the South East 
POLA Pulse, Oilseed and Lupin Association 
PSbMV Pea seed-borne mosaic virus 
RIRDC Rural Industries Research and Development Corporation 
RLN Root lesion nematode 
RSU Research Support Unit 
RUE Radiation use efficiency 
SARDI South Australian Research and Development Institute 
SEPWA South East Premium Wheat Association 
SPIRIT Strategic Partnerships with Industry Research and Training 
STMS Sequence tagged microsatellite site 
USDA United States Department of Agriculture 
WAHRI Western Australian Herbicide Resistance Initiative 
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2005 LUPIN AND PULSE INDUSTRY HIGHLIGHTS 
Lupin 
Peter White, Department of Agriculture, Western Australia 
Record yields made the 2005 season a year to remember for many lupin growers.  Timely rains also 
took some of the stress out of growing lupins by making it easier to control weeds.  Yields of about 
4.0 t/ha were regularly reported in the higher rainfall, northern and southern regions.  Eastern 
wheatbelt growers reported yields ranging between 1.2 to 2.0 t/ha. 
The new variety Mandelup lived up to expectations.  Most growers bulking-up seed were impressed by 
the variety’s high yield, metribuzin tolerance and early maturity.  The excellent crops of Mandelup 
produced in 2005 will see this variety rapidly become the variety of choice for many lupin growers in 
WA. 
A renewed focus on lupin research and development with the establishment of the Lupin Task Force 
was welcomed by many people in the industry.  The Taskforce has an advisory board consisting of 
representatives from farmers, agribusiness, food processors, grain handles, scientists and GRDC.  
The Taskforce will guide lupin research and development within Agricultural Research Western 
Australia (ARWA).  Establishing the Lupin Task Force demonstrates the significance that ARWA 
places on the lupin industry. 
Construction of the new lupin dehulling plant began during November when the on-site services and 
foundations were laid.  This plant is a cooperative venture between Cooperative Bulk Handling and 
George Westons Food and they have formed a new company called Australian Lupin Processing.  
The plant will be operating later in 2006 and will open interesting opportunities for value-adding to 
lupin grain for both food and feed markets.   
Continued expansion of the high value lupin aquafeed market was also notable.  The market 
expanded again by about 15 per cent to reach 40,000 t globally.  Almost 75 per cent of the lupins 
going into this market come from WA. 
WALAN2173M, which is a high protein narrow-leafed lupin line, was bulked up this year and if it 
passes the final stages of testing should be released in 2006.  This line will open up further 
opportunities for dehulling and the aquafeeds industry. 
Two new lupin varieties were released during the year:  Andromeda, an albus lupin variety with 
improved resistance to anthracnose; and, Pootalong, a yellow lupin variety with slightly higher yield 
and aphid resistance compared with Wodjil.  The release of both varieties are significant events which 
mark the beginning of steady improvements and expansion of these industries over the next few 
years.  A pearl lupin (Lupinus mutabalis) line that is likely to become the first variety of this species in 
WA was also identified during the year. 
Pulses 
Mark Seymour, Department of Agriculture, Western Australia 
2005 saw more farmers in WA grow field pea than any other year.  Over 700 farmers have purchased 
Kaspa over the last two years, with the vast majority of growers in medium and high rainfall zones in 
the south of the State.  The Department of Agriculture, Western Australia’s pulse agronomy project 
has been busy this year keeping up with demand for information from new growers and their advisers.  
A particular extension highlight has been the excellent reception to a CD video ’Successfully 
harvesting semi-leafless field pea‘ which demonstrates visually the many different ways to tackle the 
sometimes troublesome harvesting of peas.  Over 800 CDs have been distributed nationally, with 
further requests continuing to come in from WA growers and the Eastern States.   
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
2 
Pleasingly many growers had good experiences with Kaspa in 2005, but the pulse agronomy team still 
has concerns about its suitability to low rainfall inland areas where both drought and frost are more 
likely to occur.  Kaspa seems less able to recover from stresses during podding than many other 
varieties.  The search continues for a variety which combines Kaspa strong points with slightly earlier 
flowering and better recovery from stresses during flowering and podding.  With more peas being 
grown it is important farmers use healthy seed.  Elsewhere in this document DAWA will outline the 
importance of PSBMV, which has been proven to be more of an issue than originally thought. 
Faba bean remains the sleeper crop in WA, with a slow build-up in the number of growers.  2005 was 
a year when many farmers would have benefited form having some beans in the ground – an early 
start and wet May and June suits faba bean more than field pea.  The National Breeding Program 
continues to release worthwhile varieties with improved disease resistance and WA plays its part in 
trying to find lines adapted to our shallow soils and harsh springs. 
Desi chickpea is slowly recovering from Ascochyta, with farmers now able to purchase lines with some 
resistance.  They will require at least two fungicide applications and breeders are not far away from 
releasing lines which may require fewer sprays.  In the meantime there was only bulk up paddocks of 
chickpea in 2005, many of which looked tremendous. 
2005 saw the release of two kabuli lines – Almaz and Nafice.  Both provide farmers in medium to high 
rainfall areas with an opportunity to get back into kabuli production.  Also released in 2005 was a 
grass pea – Ceora, but seed will be in limited supply in the immediate future. 
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Monthly rainfall at experimental sites in 2005 
Table 1. Monthly rainfall at experimental sites in 2005 
Trial site J F M A M J J A S O N D Total M-O 
Badgingarra 0 0 19 21 124 150 54 121 61 24 4 1 579 534 
Beverley E 0 2 51 49 116 95 27 52 50 29 6 0 477 369 
Eradu 0 3 27 31 123 115 26 70 36 17 2 0 450 387 
Esperance 11 3 16 64 86 123 28 77 75 64 26 2 575 453 
Jerramungup 1 6 31 50 80 66 22 47 49 56 34 1 443 320 
Kalannie 0 0 38 16 39 49 7 35 19 3 0 0 206 152 
Katanning 1 1 37 85 162 67 28 40 50 36 33 2 542 383 
Lake King 0 7 13 36 46 53 4 34 28 31 23 0 275 196 
Manypeaks 11 24 60 173 100 187 45 82 68 44 42 10 846 526 
Meckering N. 0 0 24 13 71 50 16 49 28 15 6 0 272 229 
Medina 0 1 16 38 183 217 71 115 93 59 15 1 809 738 
Merredin 0 0 36 22 60 73 13 50 29 15 6 0 304 240 
Mingenew 0 1 19 14 75 119 22 77 42 16 2 0 387 351 
Moora W 0 2 37 24 105 105 23 64 43 9 1 1 414 349 
Morawa 0 12 47 14 62 61 5 58 31 5 0 0 295 222 
Mount Barker 12 20 53 214 76 143 39 62 74 62 45 10 810 456 
Mullewa 0 0 29 19 46 64 13 35 30 5 0 0 241 193 
Newdegate 0 3 32 19 70 66 15 31 39 39 16 0 330 260 
Northam 1 2 22 13 87 124 32 21 39 26 9 2 378 329 
Ravensthorpe 1 2 22 30 36 41 4 43 42 54 0 0 275 220 
Salmon Gums 10 2 17 82 50 47 7 32 29 34 19 0 329 199 
Scadden 7 2 18 60 58 70 15 46 45 43 16 5 385 277 
Wickepin 0 2 24 29 93 54 18 36 35 12 6 0 309 248 
Wongan Hills 0 0 35 26 85 67 18 42 28 7 2 0 310 247 
 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
4 
ACKNOWLEDGEMENTS 
Much of this research could not have been completed without the continuing financial support by 
GRDC, ACIAR and COGGO. 
The large experimental program conducted by the Department of Agriculture would not have been 
possible without the technical excellence and enthusiasm of Department of Agriculture staff at the 
Geraldton, Avondale, Merredin, Mullewa, Katanning, Mt Barker, Lake Grace, Jerramungup, 
Kununurra, Carnarvon, Badgingarra, Esperance and Wongan Hills Research Stations.  
We thank the many farmers who provided trial sites for their collaboration and use of land.  We also 
gratefully acknowledge the cooperation and assistance provided for the trial and demonstration 
program by five grower groups in WA (Mid West Pulse Growers Association, Ninghan Farm Focus 
Group, Liebe Group, Pulse Association of the South East, and Great Southern Pulse Association). 
We acknowledge cooperating scientists from the national pulse breeding programs based in the 
Eastern States for supplying germplasm to test in WA.  International organisations including ICARDA 
Syria, ICRISAT India, ACAR, India, IARI India, BARI Bangladesh, CDC Canada, NARC Nepal and 
Ethiopia, are involved in collaborative research projects and/or supplied germplasm for evaluation.   
We also acknowledge the cooperation and support shown by a large number of private agricultural 
consultants and pulse industry groups in the State as well as WAHRI, School of Plant Biology, UWA, 
ARC, SPIRIT, the Export Grains Centre, Curtin University and laboratory staff at the Chemistry Centre, 
WA.  
Many researchers, technical staff, growers and contributors from the WA pulse industry were not 
authors of the papers presented in this booklet, but provided specific technical help, land, equipment 
or other forms of assistance.  We appreciate their contribution to pulse research and industry 
development in 2005 and some of their individual efforts are acknowledged below. 
Aberra, Mehreteab Technical Officer South Perth, DAWA 
Adcock, Ken Senior Technical Officer Lupin Breeding, DAWA 
Atkins, Craig  UWA 
Bell, Steve Manager GSARI, Katanning RSU, DAWA 
Blair, Michael Manager UWA Field Station, Shenton Park 
Brown, Stephen Technical Officer Lupin Breeding, DAWA 
Burchell, Gail Technical Officer Lupin Breeding, DAWA 
Burridge, Peter Technical Officer Lupin Breeding, DAWA 
Cameron, David Agronomist Elders, Moora 
Cosh, Steve Manager Geraldton RSU, DAWA 
Crook, Steve  Technical Officer Newdegate RSU, DAWA  
Davey, Neroli Research Assistant CLIMA 
Dunstall, Syd Manager Wongan Hills RSU, DAWA 
Elms, Gavin Technical Officer Merredin RSU, DAWA 
Gregory, Gordon Technical Officer Lupin Agronomy, DAWA 
Harrod, Alan Manager Merredin RSU, DAWA 
Kuo, Ivana Technical Officer CLIMA 
Lambert, Vince Technical Officer Katanning, DAWA 
Maiolo, Laurence Technical Officer Lupin Agronomy, DAWA 
Matthews, Chris Senior Technical Officer Wongan Hills RSU, DAWA 
McDonald, Juliet  Coorow Seeds 
Morgan, Stuart Technical Officer Pulse Breeding, DAWA 
Owners and Managers  Erragula Farms 
Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
5 
Peake, Brianna Executive Officer Liebe Group, Buntine. 
Priestly, Michelle Technical Officer Lupin Breeding, DAWA 
Procopio, Remo Technical Officer Lupin Breeding, DAWA 
Quealy, John Technical Officer CLIMA 
Relf, John Consultant WA Bureau of Meteorology 
Renshaw, Daniel Technical Officer Lupin Breeding, DAWA 
Robinson, David Technical Officer Lupin Breeding, DAWA 
Rogers, Simon Technical Officer Lupin Breeding, DAWA 
Sands, Rod  Western Milling Company 
Smith, Colin Technical Officer Lupin Breeding, DAWA 
Smith, Stewart Technical Officer Mt Barker, DAWA 
Staples, Cliff Technical Officer Lupin Breeding, DAWA 
Sutherland, Andrew Technical Officer Lupin Breeding, DAWA 
Wilkins, Nerys Technical Officer Merredin RSU, DAWA 
Wilkinson, Darren Technical Officer Lupin Breeding, DAWA 
Thanks also go to the contributors who had to work to very tight deadlines and the pulse and lupin 





Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
6 
CONTRIBUTORS 
Research reported here has been conducted by a wide range of people from several institutions in 
WA.  The lupin and pulse agronomy projects at DAWA have taken the lead in developing and editing 
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CAUTION:  UNREGISTERED PESTICIDE USES 
Any research with unregistered pesticides or of unregistered products reported in this document does 
not constitute a recommendation for that particular use by the Department of Agriculture.  All pesticide 
applications must accord with the currently registered label for that particular pesticide, crop, pest and 
region. 
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BACKGROUND 
Peter White, Department of Agriculture, Western Australia 
Grain legumes are an important part of Australian agriculture providing farmers with a diversified 
income and an effective means of managing weeds, diseases and protein levels in cereals.  Field pea 
(Pisum sativum) and faba bean (Vicia faba) are the grain legumes with the longest history in WA with 
reports of their production dating back to the early history of agriculture in this State.  Narrow-leafed 
lupin (Lupin angustifolius), was the first grain legume species established as a modern, broad-acre 
crop grown over large areas of the WA wheatbelt.  Lupins have been a vital component of sustainable 
cropping rotations in WA for the past 30 years, particularly on the deep, coarse-textured acid soils.  An 
intensive breeding and agronomic research effort by the Department of Agriculture and CLIMA 
through the late 1980s and 1990s has now established field pea, faba bean, chickpea 
(Cicer arietinum) and other pulse species, as significant broad-acre crops suitable for contemporary 
Western Australian farming systems. 
The array of grain legume species now available to Western Australian growers provides viable grain 
legume options for nearly every cropping situation in WA.  The choice of crop species provides 
flexibility across the range of rainfall and soil environments, disease and weed spectrums, and 
production and price risks, facing each farming enterprise. 
There are currently about 900,000 hectares of grain legumes grown in WA producing about 1.4 million 
tonnes of grain valued at over 250 million dollars.  Narrow-leafed lupins dominate production with 
about 1,000,000 t produced in 2005.  
After reaching a peak of over 1 million hectares in the late 1990s, the lupin area declined during the 
first part of this decade.  The main causes of this decline, has been variability in production (dry 
seasons), low prices relative to cereals and problems with weed management.  In response, the lupin 
growing area has contracted away from marginal production situations (fine textured soils in low 
rainfall areas), back to the more traditional lupin growing soils and environments.  
To meet the challenges facing the industry, breeding and research are currently aimed at increasing 
yields, improving weed management and developing a higher value product.  Traditional and modern 
breeding techniques are being combined to develop higher yielding varieties with better herbicide 
tolerance and higher grain protein.  Similarly, applied agronomic research, crop modelling and new 
production techniques are being combined to develop novel ways of managing weeds within newly 
evolving cropping rotations.  Finally, high value lupin products for the food and feed industries will 
soon be commonplace.  The establishment of a lupin de-hulling plant in Perth, development of lupin 
milk and breeding yellow (Lupinus luteus) and pearl (Lupinus mutabilis) lupins which have highly 
valued grain are examples of this. 
About 80,000 ha of field pea were grown in WA during 2005, making it the second most widely grown 
grain legume after lupins.  New, easier-to-harvest, semi-leafless varieties (e.g. Kaspa) have recently 
become available and have generated considerable new interest in field pea.  The industry is now 
rapidly expanding with a projection of over a 200,000 ha to be sown in 2007.  As the field pea area 
expands managing black spot, improving ease of harvest, avoiding frost and managing stubble to 
minimise soil erosion will increase in importance.  Developing solutions to these problems will continue 
to be important breeding and research objectives for field pea into the future. 
Chickpea production in WA has declined substantially after expanding to over 70,000 ha in the late 
1990s.  Ascochyta blight causing widespread crop losses was the main cause of the decline, and 
continues to be the primary constraint on the industry.  Growers in the northern and central agricultural 
areas have, nevertheless, remained keenly interested in chickpea and the release, over coming years, 
of ascochyta resistant chickpea varieties should see a rapid resurgence in this industry.  Developing 
high yielding varieties with greater resistance to ascochyta blight and management packages that 
minimise the risk from this disease will be the main research objectives for chickpea into the future. 
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The faba bean industry is now beginning to re-establish itself after a relatively sluggish period 
following chocolate spot epidemics in the late 1990s.  New disease resistant varieties have been the 
basis for the recovery in faba bean production, particularly in the medium and high rainfall areas of the 
State.  
Albus lupin (Lupinus albus), vetch (Vicia sativus), lentil (Lens culinaris), narbon bean (Vicia 
narbonensis), grass pea (Lathyrus sativus) and dwarf chickling (Lathyrus cicer), remain as minor crops 
in WA, although vetch is of localised importance in the south eastern wheatbelt and albus lupin, at one 
time, occupied nearly 40,000 ha throughout the State before anthracnose became established.  
Breeding and evaluation of albus lupin and lentil continues and hold open significant prospects for 
these industries.   
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2005 REGIONAL ROUNDUP 
Northern agricultural region 
Wayne Parker, Department of Agriculture, Western Australia 
The 2005 season began with fantastic rains at the beginning of April and throughout the month.  
These were followed up with good falls during May.  As a result the crops were sown early, into moist 
soil and were out of the ground before June in some cases.  Very active soil herbicides set the crop up 
with weed free paddocks.  Rainfall for June was Decile 9, and one of the wettest on record for many 
parts of the region.  This was all about to take a turn during July when rainfall was Decile 1.  During 
this period of low rainfall many crops in the eastern part of the region began to lose yield potential.  It 
forced the hand of many early sown lupin crops as they began to flower and set pods.  Other pulse 
crops were not as advanced as the lupin crops at this stage.  Return to average rainfall conditions 
during August, September and October helped recover some of the yield lost during July.  
Lupin yields were surprising throughout the north, the average of the region pushing 2 t/ha.  The dry 
July combined with the long cool finish set pods early and continued to set and fill pods to the end of 
the season.  Mandelup has proven its worth in the NAR, having clean crops with good yield and low 
disease.  A number of first time Mandelup growers had a few problems with early emergence.  This 
was the result of seed lots being sold with below standard germination percentages.  Those with 
emergence issues were not unhappy with the final yield of Mandelup, given the good season that 
followed.  
Kaspa was the field pea of choice in the NAR, despite it having lower yield potential than the 
recommended varieties Dunwa and Helena.  The touted standing ability and ease of harvest has 
encouraged many old pea growers to have another go.  A magnificent season has helped the late 
flowering Kaspa to yield in excess of 2 t/ha.  It is unfortunate that such results were achieved this year 
as it will bring false expectations of the variety in coming seasons.  Those growers considering making 
a return to field peas are advised to wait until the early flowering, Kaspa type, 89-036*9-8 is released.  
The few growers still with trailing varieties Parafield, Dundale, Helena were very happy with the 
season.  Disease levels in field peas remain very low through out the region.  A low area of field pea in 
the recent past has reduced the blackspot spore load considerably.  Spore number will again increase 
as the areas of field pea start to climb again in 2006 and 2007.  
It was an exciting year for chickpea growers.  Genesis 836 was launched and had a fantastic bulk up 
in Yandanooka where the paddock averaged nearly 1.8 t/ha.  It has a manageable ascochyta 
resistance and is going to be the intermediate variety between now and the release of more resistant 
varieties.  The yields from all desi CVT trials in the region were encouraging, except where there had 
been poor site selection.  The varieties with strong ascochyta resistance performed well throughout 
and growers can’t wait to see these in larger trials in 2006.  Genesis 510 is one variety of particular 
interest.  It has a high level of ascochyta resistance and underwent bulk up in Victoria in 2005.  It is 
anticipated that Genesis 510 will be released in WA in 2007.   
Faba bean yields were lower than expected in the region.  Much of this had to do with the lack of 
rainfall during July.  Crops were of lower biomass and unable to support the pods.  In previous 
seasons Cairo has shown good adaptability to the region, with good resistance to chocolate spot and 
high yield.  However in 2005, Cairo did not yield as well as older more disease susceptible varieties 
because of low disease levels in the region. 
The Pulse Agronomy team were responsible for 25-30 trials in the NAR.  The trials have been part of a 
program addressing the problems specific to the region.  The success of these trials will be seen 
through increased areas of pulses in the NAR in 2006.  
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Central agricultural region 
Ian Pritchard and Bob French, Department of Agriculture, Western Australia 
The 2005 season commenced with a wet start with above average rainfall for May and June which 
saw for the first time in many years tractors and seeding implements becoming bogged and having to 
be towed to ’safer’ ground.  July which is generally one of the wettest months for the year was one of 
the driest a saviour for many, allowing post-emergent spraying to occur on previously ‘sodden’ 
paddocks.  The tap was once again turned on in August, September and even October with rain falling 
generally when needed resulting in a soft finish to the season.  The end of the season was also 
characterised by a number of scattered frosts resulting in varying amounts of crop damage in many 
crops. 
2005 saw for the first time Mandelup lupin and Kaspa field pea being bulked up by growers throughout 
the region.  Lupins in general performed very well with 2005 average yields appearing to be the 
highest on record.  The new variety Mandelup was the highest yielding lupin variety in trials with 
growers also obtaining generally excellent yields with few exceptions.  In the few instances where 
Mandelup did disappoint, it appears to be related to how the grain/seed was handled or in this case 
over-handled which resulted in poor establishment, vigour and subsequently the disappointing yield.  
A timely reminder on the importance of seed quality on crop establishment and yield. 
Kaspa throughout the region lived up to the majority of growers’ expectations for yield and ease of 
harvest, even Kaspa crops which were frosted at the start of flowering continued to flower and set 
pods with rains in late September and early October.  Some growers were still disappointed in the 
standing ability of the Kaspa at harvest but as one grower commented if it keeps yielding this well I am 
willing to be disappointed.  Kaspa’s standing ability at harvest, sugar pod trait and yield have not just 
been steps in the right direction but significant leaps forward for growers. 
The 2005 season may be thought of as a year of lost opportunity for faba beans, the early wet start to 
the season was perfect for faba beans and with the release of new faba bean varieties Cairo and 
Farah.  Unfortunately due to the opportunistic nature of sowing faba beans, for many growers 
acquiring seed is a major issue which restricts the number of growers each year. 
The Merredin Research Station continues to play an important role in the evaluation of pulse crops for 
the low rainfall regions of the WA Wheatbelt.  In total 23 trials and demonstrations were conducted on 
the Research Station looking at field pea, chickpea and lentil varieties, ryegrass control in lupin crops, 
ascochyta diseases of the pulse crops and native budworm control in Kaspa field pea (this does not 
include plant breeder’s trials). 
Great southern and lakes 
Rodger Beermier, Department of Agriculture, Western Australia 
In contrast to 2004, this season opened early in the central Great Southern region with a 90 mm day 
rainfall falling at the end of March.  This was followed up in April with a similar amount, which caused 
concerns for waterlogging.  This gave an excellent start for weed germination and good, effective 
knockdowns to prepare for seeding.  However, consistent rain through May and June created havoc 
with seeding operations and plenty of tractors and vehicles had to be pulled from the bog!  Several 
paddocks had to be re-sown due to seed bursting but the majority of growers got their seeding 
program completed by the end of June.   
Thankfully, July and August were drier to allow the plants to establish and paddocks to dry out.  A very 
mild finish to the season was experienced through the last months and several frost events began to 
take some toll.  A severe hail storm through Lake Grace combined with some severe frosts occurring 
over the majority of the region during October and early November, reduced yields between 5 per cent 
and 75 per cent.  Cool to mild conditions ensued during harvesting operations with several areas still 
finalising their harvest during January 2006. 
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The new field pea variety Kaspa dominated the bulking up arena with a considerable amount of new 
growers from the low to the high rainfall zones.  Yields were as mixed as the rainfall in these districts 
due to the impact of frost, disease and late germinations of weeds.  Some growers were extremely 
happy with Kaspa’s performance while others were disappointed in their results.  From 2.2 t/ha in the 
Pingrup district to complete wipe-outs in the Hyden and Kojonup west districts and everything in 
between, varied yields have been the mark of the season.  From Jerramungup to Borden, yields were 
quite reliable with Kaspa going between 1.5-2 t/ha on average. 
As Parafield is still the main conventional variety being grown, it yielded quite well, given the seasonal 
issues.  Averages from frosted areas such as Hyden ranged from 0.3 t/ha up to 2 t/ha in the 
Borden/Gnowangerup region.  Helena has declined in area due to the increase in Kaspa’s volume and 
the larger seeded Parafield.   
Budworm issues in Kaspa proved to be a significant player in the quality of seed that was harvested.  
Late flights of Heliothis moths into the western areas of the Great Southern combined with the slightly 
later maturity of Kaspa and the softer finish produced up to 20 per cent damage to seed. 
With Fiesta being the dominant variety grown now, yields in the Pingrup area averaged around 
1.5 t/ha.  Further south in the Gnowangerup district, yields were around 2 t/ha with growers applying 
two fungicide sprays during the season.  Little disease was present but the later spray assisted in 
keeping the final pods clean.  
Trial work for 2005 included a Field Pea Recovery to Frost trial located at Lake Grace.  Unfortunately, 
this trial was wiped out with the hail storm and did not recover.  Phenology work, budworm control and 
rhizobacteria organisms were trialled on field peas.  Kabuli chickpea demonstrations and faba bean 
variety trials were also a part of the program. 
In 2006, work will continue in the region to develop, evaluate and extend new pulse lines including 
field peas, faba beans, kabuli chickpeas and lupins.   
South east region 
Mark Seymour, Department of Agriculture, Western Australia 
2005 started well with good opening rains.  This resulted in most lupin, canola and cereal crops being 
sown in the first half of May and many growers keen to continue with their program and sow field 
peas.  Unfortunately the release of blackspot spores was delayed in 2005 and we had to have a 
concerted effort via the PASE fax out system, ABC radio and local agronomists to warn farmers of the 
risk in sowing early in 2005.  This appeared to work well with many growers delaying their sowing until 
we were able to inform them that the warm wet weather in May had sped up spore release and it was 
moderately safe to sow their peas from 23 May. 
This was very fortunate advice as heavy rains meant if farmers had not sown by 4 June they would 
probably not been able to get onto their paddock for at least a week.  Many paddocks were 
waterlogged during June, but those peas which had emerged before the worst of the wet handled it 
quite well.   
July and August were dry which helped dry out paddocks and slowed the spread of blackspot in early 
sown field pea crops.  Inland areas did see crops suffer from this extended dry period, with field pea 
handling the dry conditions better than most crops.  Fortunately following this dry period the zone 
experienced a long soft spring which allowed the field pea crops to pod heavily and fill the large 
number of seeds set.  Consequently in low to medium areas many growers had above average yields 
around 2 t/ha.  Individual paddocks were above 2.5 t/ha and yield monitors showed parts of paddocks 
well over 3 t/ha. 
The soft finish to the year suited the new semi-leafless variety Kaspa, and many growers noted Kaspa 
yielded about 0.4 t/ha more than nearby Parafield crops.  Crops which yielded below 2 t/ha were 
mostly found in southern areas where waterlogging in June and a late flush of blackspot in September  
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reduced yield.  Similarly we have noted farmers who sowed in early to mid May in medium rainfall 
areas usually had 0.4-0.6 t/ha lower yielding crops than neighbours who delayed sowing and avoided 
the worst of the blackspot showers. 
It was not all good news though with most farmers in the Lakes district losing at least one paddock to 
frost.  Where frost did not occur yields were above average.  Earlier in the year the Pulse Association 
of the South East negotiated with CBH to allow farmers to be able to deliver to Lake King, and despite 
the vagaries of frost the bin has been well patronised with 8,128 tonnes delivered. 
The area sown to field pea in the zone was 32,796 ha (26,682 ha Esperance and 6,114 Lakes), which 
is a record for the region - about 25 per cent higher than 2004.  In total 59,000 ha were delivered in 
the port zone – hence average yields were in the order of 1.8 t/ha.  Quality was generally good with 
the majority of peas being delivered into M1 – Esperance 75 per cent M1 and Lake King 85 per cent 
M1.  Noticeably most samples have a low unmillable content. 
Approximately 4-5,000 ha of faba bean was sown in the region and the crop handled the wet 
conditions quite well.  There were concerns in September with a flush of aggressive chocolate spot 
which defoliated the lower two thirds of many faba bean crops.  However, yield loss was minimised by 
the combination of improved varietal tolerance and the kind spring, with many crops yielding 2 t/ha.   
Lupin crops podded up very well, but despite the soft spring many crops failed to fill all of the pods set.  
This has been attributed to early season waterlogging rotting the roots – effectively droughting the 
crop despite the abundance of water, the overcast conditions in spring and subsequent low light and 
carbon fixation leading to a deficit of carbon assimilates for filling of seeds – which is a condition 
known to affect lupin more than most other crops.  Consequently crop yields were very variable 
(0.8-4.0 t/ha) depending on their location, soil type, time of sowing and when pods were set or filled.  
In general though the yield of lupin in the port zone was above average and CBH received around 
43,000 tonnes. 
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LUPIN AND PULSE PRODUCTION AGRONOMY 
AND GENETIC IMPROVEMENT 
Lupin 
Peter White, Department of Agriculture, Western Australia 
Three species of lupin are grown commercially in Western Australia:  Lupinus angustifolius (narrow-
leaf lupin); Lupinus luteus (yellow lupin) and Lupinus albus (albus lupin).  A fourth species, Lupinus 
mutabilis (pearl lupin) is being developed as another possible crop plant.  The first pearl lupin variety 
for WA is expected to be released by 2009.  Narrow-leaf lupin accounts for over 99 per cent of total 
lupin production.  Most (400,000 ha) narrow leaf lupins are grown on deep sands in the medium to 
high rainfall areas of the Northern Agricultural Region.  About 100,000 ha are grown annually on 
sandy duplex soils in the Great Southern and south eastern wheat belt and a further, 200,000 ha are 
grown annually in the central and northern low rainfall wheatbelt.  Yellow lupins are grown in small 
areas either in the high rainfall south coast or on the very acid, wodjil soils of the central wheatbelt 
where they have the potential to outyield narrow-leaf lupin.  Most albus lupins are grown on the 
medium-textured neutral to alkaline soils of the Northern Agricultural Region where narrow-leaf lupins 
are poorly suited, although albus lupin production has declined substantially since the introduction of 
anthracnose into WA. 
Narrow-leaf lupins are primarily used by the livestock industry as a feed grain.  About 40 per cent of 
lupins are kept on farm to feed livestock.  Most of the rest is either traded domestically (20%) or 
exported (40%).  The use of lupins as a food ingredient is a small but growing use of narrow-leaf 
lupins.  About 8,000 t are exported to Europe annually for food applications.  Food manufactures in 
Australia are now also investing in lupins as food ingredients. 
Yellow lupins are a high protein feed grain with superior qualities capable of attracting high prices, 
particularly as fish feed.  Most lupins used for fish feed (about 30,000 t annually) are currently narrow-
leafed lupins; this will be replaced by yellow lupins if supply can be generated.  Albus lupins are mainly 
exported to Egypt where they are used as a snack food. 
Since reaching a peak of 1.3 million ha in 1999, the narrow leaf lupin area has contracted to about 
700,000 ha in 2005.  Much of the reduction in the lupin area is caused by growers in the central and 
low rainfall northern wheatbelt reducing the amount of lupins they sow.  Some growers in the medium 
rainfall areas of the northern agricultural areas have also reduced the frequency of lupin crops in their 
rotations (replacing a lupin crop with a pasture or fallow) as a means to manage weeds.  Low prices, 
low and variable yields, difficulties managing weeds and dry seasons are some of the reasons given 
by farmers for turning away from lupins.  
In contrast, grain producers in the medium to high rainfall areas of the northern wheatbelt remain 
firmly committed to lupins and are seeking ways to maintain or increase their lupin production.  
Similarly, farmers with significant sheep numbers regard lupins as an essential part of their business 
and will seek to increase lupin production as sheep numbers increase.  The excellent 2005 season 
has seen sentiment towards lupins, amongst these growers, improve further. 
Yellow lupin production has remained small since the first varieties were released.  The industry is 
currently constrained by varieties with low yield potential (relative to narrow-leaf lupins) and high aphid 
susceptibility.  Higher yielding varieties are currently being considered for release.  Work is continuing 
on improving aphid resistance and developing uses for the grain and mechanisms that will enable 
higher prices to be obtained. 
Albus lupin production peaked at about 30,000 t in 1996.  Anthracnose disease devastated the 
industry after this time and production has remained at very low levels since.  Andromeda, a variety 
with improved anthracnose resistance released in 2005 is expected to generate a modest recovery in 
the albus lupin industry over the next four years. 
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The research described here demonstrates the vision that growers, industry groups, research 
organisations and funders have for a strong robust lupin industry.  The success of this investment in 
research will help keep Western Australia as the pre-eminent lupin growing region in the world. 
 
Narrow-leafed lupin breeding 
Bevan Buirchell, Department of Agriculture, Western Australia 
The early break, July drought, frost in the eastern wheatbelt and then the cool finish to the season 
presented many challenges to the breeding program. 
Herbicides were more active this year with the early rainfall and several trials were damaged at the 
Mullewa and Valentine Road sites.  While the trials at the Mullewa light land site were not recoverable, 
the herbicide damage at Valentine Road allowed us to make good observations on the tolerances of 
all the lines in the program.  Using this information in conjunction with controlled herbicide screening at 
Wongan Hills we were able to continue to eliminate low tolerant lines from the program.  The 
metribuzin tolerance test is very easy to implement in the field and is now a standard screening test for 
all the material in the program.   
Frost in the eastern wheatbelt severely affected the trials at Merredin − all of the mainstem pods were 
lost.  No frost resistant material was observed although there were differences in yield on the 
branches between lines.   
Based on preliminary data, the best lines in CVT in 2005 were WALAN2263, 2273, 2274, 2275, 2224 
and 2231.  The first four lines have good tolerance to metribuzin with the Tanjil type resistance to 
anthracnose and are potential replacements for Tanjil in the high rainfall area.  The later two lines 
have performed very well over the last two years, especially in the south.   
Figure 1. CVT at Esperance Downs in 2004 and 2005. 
Figure 1 shows the yield performance of these lines versus varieties at Esperance in 2004 and 2005.  
Yields in 2004 were higher than in 2005 except for four lines, Quilinock, WALAN2224, 2231 and 2196.  
Interesting to note that the first three lines have the best ratings for ‘black pod syndrome’ (BPS) which 
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BPS has been known in the south for some time and was thought to be a reaction to Bean Yellow 
Mosaic Virus.  Further observations this year has eliminated virus involvement and it now seems to be 
a physiological response to climatic conditions and soil moisture.  The crops are usually high yielding 
with lots of biomass and are well podded in September/October.  As the season starts to finish there 
seems to be a remobilisation of nutrients from the pods thus leaving the pods flat and black with the 
seed in side formed but very small.  The good news is that it seems to have a genetic basis with 
Quilinock being recognised as the least affected variety.  WALAN2224 and 2231 both have Quilinock 
in their parentage, and are even less affected than Quilinock and thus will maintain yield under the 
conditions conducive to the syndrome.  Further investigation of BPS and a more in-depth testing of 
WALAN2224 and 2231 in the Esperance area are being planned for 2006. 
The molecular marker for the Tanjil type anthracnose resistance was used extensively this year to 
screen all the F2 material in the program.  A total of 17,200 DNA samples were tested and this 
allowed us to eliminate many progeny that did not have the Tanjil type resistance.  All the crosses 
made in 2005 were designed so that the Tanjil type resistance will become the dominant gene in the 
breeding program and allow us to continue to breed for anthracnose resistance by using the molecular 
technique rather than the more time consuming field techniques.   
Project number:  GDRC Project DAW00105 and DAW 00102 
 
Progress in the development of pearl lupin (Lupinus mutabilis) for Australian 
agriculture 
Mark Sweetingham1,2, Jon Clements1, Geoff Thomas2, Roger Jones1, Sofia Sipsas1, John Quealy2, 
Leigh Smith1 and Gordon Francis1 
 1CLIMA, The University of Western Australia  
 2Department of Agriculture, Western Australia 
Background 
Pearl lupin (Lupinus mutabalis) has been used by native South American people for thousands of 
years as a high protein and oilseed legume for food, medicinal and other purposes.  Semi-
domesticated germplasm with soft, large seeds and reduced or non-shattering pods exist as natural 
populations growing in the Andes region and genebanks both in this region and in several other 
countries hold reasonable numbers of accessions of the species. 
Crop improvement of L. mutabilis has occurred in small programs in South America including the 
development of the first low alkaloid, late flowering cultivar, cv. Inti in Chile through successive 
crossing and selection with naturally occurring reduced alkaloid landraces from Peru (Blanco 1982; 
von Baer and von Baer 1988).  Additional small breeding and selection work has occurred in 
Germany, the UK, Poland, France and Portugal but without any commercially-sized agricultural areas 
of the crop arising from them.  With the existence of early flowering but bitter accessions along with 
several low alkaloid genotypes, we embarked in 2003 on a new pilot breeding program with the 
species because of its considerably high reported values for protein (43%) and oil (18%) in seed.  This 
article summarises the progress to the end of 2005. 
Aims 
• To develop low alkaloid, earlier flowering breeding lines of Pearl lupin. 
• To conduct preliminary agronomic and disease studies and determine seed qualities of the 
breeding lines. 
Method 
In a first series of crosses starting initially in 2001, a set of 31 breeding lines were developed by 
selecting single plants from 3 crosses at the F3 or F4 generations and progressing through to F5 or 
F6.  The parents were as follows:  a very late flowering, low alkaloid accession donated to the 
Australian Lupin Collection (ALC) during the 1980s (cv. Inti) from a Chilean-based breeding program; 
an early flowering selection (JC243) from a breeding line originating in the UK; an intermediate to late  
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flowering horticultural selection (P28725) from the ALC.  Crosses were:  2001-18 (Inti x P28725), 
2002-24 (JC243 x 2001-18) and 2002-25 (Inti x JC243).  Bitter plants at the F3 stage were discarded 
and earlier to mid flowering, low alkaloid single plants retained.  Single plant derived lines were grown 
out in screenhouses during 2004 and seed was analysed for protein, oil and other quality 
characteristics.  In 2005, lines were grown in field plots, 2 rows spaced 20 cm apart and 2 m long in 
2 replicates at The University of Western Australia Field Station, Shenton Park.  Control lines were 
cvv. Tanjil (L. angustifolius), Andromeda (L. albus) and Pootalong (L. luteus).  Plots were sown on 
3 May and harvested on 5 December.  Data recorded included time to flowering, aphid susceptibility 
scores, plant height at maturity, total plant biomass and harvest index (HI, for selected lines only, not 
including fallen leaves) and seed yield.  Disease screening was carried out on small rows at Medina 
Research Station for brown spot and anthracnose.  Seed quality was evaluated on 2004 screenhouse-
grown seed. 
Results 
Agronomic, disease, yield and seed quality traits are listed in Table 2 for selected lines from the larger 
set of advanced breeding material in L. mutabilis.  Biomass and harvest index values are given for a 
small subset of lines in Table 3.  Flowering time, plant height and yield varied widely in L. mutabilis but 
seed yield was lower by 30 per cent in the best L. mutabilis compared to L. angustifolius (cv. Tanjil).  
The average HI of four L. mutabilis lines was 0.20 which was lower than values for the other crop 
species but one L. mutabilis line (ID 8) had a higher HI (Table 3).  Scores for brown spot and 
anthracnose tolerance in breeding lines ranged from 2.2 (for P28434) to 4.9 and 2.3 (in genotype 
ID 12) to 4.7 respectively.  Aphid scores were less in L. mutabilis than for L. luteus (Table 2).  Alkaloid 
levels were in L. mutabilis breeding lines were in the range 0.001 to 0.018.  The highest seed oil and 
protein in lines were 17.1 and 46.3 respectively. 
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Table 2. Agronomic, disease and quality traits for 13 advanced, low alkaloid L. mutabilis breeding lines and control cultivars grown at The University Field Station, Shenton 










































8 6.8 77 141 385 4.8 3.9 1 Early FL, good PM, round seeds 16.0 40.3 0.006 0.33 16.0 13.1 
11 5.3 64 142 221 3.9 2.8 1 Early FL, good ANTH tol. 14.2 43.3 0.003 0.32 16.7 12.2 
12 4.8 78 150 275 4.6 2.3 1 Early-mid FL, best ANTH tol., poor BS tol. 14.5 41.2 0.002 0.29 17.2 13.2 
13 6.0 91 144 301 4 3.4 1 Early FL, round seeds 14.9 44.2 0.001 0.34 18.2 13.1 
14 4.8 93 141 290 3.3 3.1 1 Early FL, good PM, OK BS/ANTH  14.4 44.3 0.001 0.32 21.4 12.7 
18 6.0 101 159 359 4.4 4.0 1  14.6 43.9 0.001 0.36 22.4 11.3 
20 5.0 103 159 418 4.1 4.4 1  14.7 39.8 0.001 0.34 20.5 11.2 
22 4.5 96 159 350 4.3 3.5 1  15.7 40.7 0.002 0.30 15.1 12.5 
24 4.5 91 165 293 3.9 3.6 1 Highest seed oil% 17.1 38.3 0.003 0.34 18.4 11.6 
26 6.0 99 166 484 3.5 3.6 1 Passable BS, ANTH tol. 13.8 42.5 0.002 0.30 15.5 13.1 
32 6.3 105 161 359 3.4 3.6 1 OK BS, not so good ANTH, good PM 12.8 45.4 0.001 0.38 16.5 12.3 
33 6.0 113 163 431 3.2 3.2 1.5 Passable for BS, OK for ANTH, mid FL 13.2 44.8 0.001 0.35 17.7 11.6 
34 6.0 109 167 343 3.1 3.5 1 
Highest protein %, OK 
BS, not so good ANTH 
tol. 
13.4 46.3 0.001 0.35 17.8 11.1 
Andromeda 7.0 98 143 642 - - 1 L. albus 9.0 35.0 0.015 0.25a 30.0 15.0 
Tanjil 8.0 93 140 668 - 0.8 1 L. angustifolius 6.0 31.5 0.015 0.23a 14.0 24.0 
Wodjil 7.0 80 142 397 - - 2.5 L. luteus 6.0 38.0 0.005 0.46a 12.7 25.0 
FL = flowering time; BS = brown spot; ANTH = anthracnose; PM = plant morphology.  a Value quoted in Petterson et al. 1997.  
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Table 3. Biomass and harvest index of L. mutabilis and control cultivars grown at The University Field 
Station, Shenton Park in 2005 
Genotype ID Total biomass (g/m2) HI 
8 1234 0.28 
13 1730 0.16 
17 1160 0.21 
25 1022 0.15 
Andromeda 2564 0.25 
Tanjil 2820 0.24 
Wodjil 1347 0.25 
Discussion 
Progress in this Western Australian based, small scale crop improvement program for Pearl lupin has, 
in the past 5 years since its beginning, successfully produced lines that combine early flowering, low 
alkaloid, non-shattering and reasonable plant morphology.  Seed quality of L. mutabilis is good, with 
sulphur amino acid levels similar to soybean and a fatty acid composition of approximately 51 per cent 
oleic, 25 per cent linoleic and 6 per cent linolenic acids (Sweetingham et al. 2006).  Early flowering 
appeared to be recessively inherited in crosses to the late flowering, low alkaloid cv. Inti.  Variation in 
resistance to brown spot is apparent (G. Thomas unpublished) however L. mutabilis was found to be 
the most susceptible lupin species among the crop species dealt with in this study.  L. mutabilis was 
not generally as susceptible to anthracnose as L. albus.  However, breeding efforts will concentrate on 
incorporating better tolerance to both anthracnose and brown spot.  Observation of aphid activity on 
these low alkaloid L. mutabilis breeding lines (alkaloid range of 0.001-0.018) indicates that L. luteus 
seemed to be more susceptible than L. mutabilis.  Further investigation of aphid susceptibility will be 
carried out. L. mutabilis appears to be susceptible to post-emergent metribuzin herbicide although less 
so than L. luteus and similar to many L. albus lines.  Tolerance to root absorbed simazine is similar to 
narrow-leafed lupin (Sweetingham et al. 2006).  
The best L. mutabilis line produced 72 per cent and 74 per cent the seed yield of Tanjil and 
Andromeda respectively while yielding 22 per cent higher than Wodjil.  Plant biomass for L. mutabilis 
was similar to that for Wodjil and harvest index values (average of 0.20) indicate that L. mutabilis was 
generally lower than the other crop species although one early flowering line (ID 8) with good plant 
morphology (shorter plant height with relatively good pod production) had a higher harvest index.  This 
line has been crossed to new parents with early flowering and better tolerance to anthracnose 
(P26961) or excellent pod set (P28797).  
The majority of low alkaloid breeding lines derived from crosses had lower levels of seed alkaloid than 
the contributing parent, cv. Inti (0.010).  This places the breeding lines within the ‘Sweet lupin’ 
classification of total seed alkaloids of less than 0.02 and in this respect makes them suitable for 
human consumption.  Since seed alkaloid has some association with aphid tolerance, the program will 
seek to develop lines with alkaloid levels in the range 0.01-0.02 per cent.  Seed oil ranged from 12.8 to 
17.1 per cent and protein ranged from 38.3 to 46.3 per cent in screenhouse-grown L. mutabilis 
breeding lines, results which demonstrate the excellent potential for high seed quality in L. mutabilis.  
Seed sulphur ranged from 0.26 to 0.40  per cent db (line with maximum not shown in Table 1) and this 
puts L. mutabilis mid way between L. angustifolius or L. albus and the higher S-containing L. luteus 
(Petterson et al. 1997).  Seed coat percentage in L. mutabilis, being the lowest of the crop lupin 
species, ranged from 11.0 to 13.4 per cent with no apparent correlation with seed weight or seed 
protein and oil in this set of lines.  The line with the highest seed protein however also had a very low 
seed coat percentage.  A trend for lower seed coat percentage with increasing protein or protein plus 
oil has been demonstrated in L. angustifolius (Clements et al. 2002).  Some L. mutabilis lines 
possessed very round seeds and all had white seed coat. 
The correlation among 38 L. mutabilis lines (including all the advanced low alkaloid breeding lines plus 
several bitter parental genotypes) between protein and oil in seed was r = -0.79 for screenhouse-
grown plants.  This showed the commonly reported negative relationship between protein and oil in 
seed crops (e.g. Wilcox and Shible 2001) although in newly developed breeding programs there is 
good potential to select for both high protein and oil. L. mutabilis seed oil showed a low but negative 
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correlation with sulphur (r = -0.53), and seed protein a positive correlation with seed sulphur (r = 0.49), 
a trend consistent with results reported for soybean (Wilcox and Shible 2001).  
Sources of CMV resistance (Jones and Burchell 2004) and improved brown spot and anthracnose 
tolerance will be sought and germplasm screened for herbicide tolerance in the next phase of the 
program.  Trials to determine optimum agronomic practice, including row spacing and seeding density 
are planned for the next few years.  Breeding for adaptation of Pearl lupin to various climates in 
Australia will be an attempted and higher biomass, harvest index, yield and improved drought 
tolerance will also be the focus of future breeding efforts. 
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Molecular genetic markers and lupin breeding 
Huaan Yang, Jeffrey Boersma, Bevan Buirchell, Department of Agriculture, Western Australia 
Background 
Lupin breeding has traditionally been based on the selection of plants measurably superior in yield, 
quality and other desirable traits such as disease resistance, erect growth habit or non-shattering seed 
pods.  Selection for these traits is carried out by growing plants in an appropriate environment and 
physically measuring the plant traits (phenotyping) at the appropriate growth stage.  This frequently 
entails cultivating large numbers of plants, often through to maturity, of which only a few are retained 
for future use. 
The recognition that all traits are under genetic control has resulted in methods to find molecular 
genetic markers associated with these traits.  An early example is that of iso-enzymes in which 
organisms are grouped or distinguished from each other on the basis of variants in the form and 
electrophoretic properties of particular enzymes which are visualised by staining them with enzyme-
specific stains.  More recently, techniques have been developed allowing researchers to ‘chop’ DNA 
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into small fragments, amplified by PCR, and screened for sequences linked to traits of interest.  These 
fragments are known as molecular markers. 
Method 
There are a number of different techniques for producing molecular markers linked to genes of 
interest.  The technique used by our laboratory at the Department of Agriculture (WA) is known as the 
MFLP (Microsatellite-anchored Fragment Linked Polymorphism) method which combines the 
advantages of AFLPs (Amplified Fragment Length Polymorphisms) and microsatellites – variable 
length in simple sequence repeats (SSRs).   
Markers found to date 
To date markers have been found for: 
 (i) Anthracnose resistance (LAnr1) 
 (ii) Anthracnose (Lanr2)  
 (iii) Soft seeded-ness (moll)  
 (iv) Low alkaloids (iucundis)  
 (v) Phomopsis resistance (Phr1) 
 (vi) Reduced/nil vernalisation (Ku) 
 (vii) Reduced pod shatter (lentus) 
(viii) Rust of lupins  
Sequence-specific primers have been designed and tested 
successfully for the markers associated with anthracnose 
resistance (Lanr1), Phomopsis resistance (Phr1) and mollis 
(moll).  Primers have also been developed for the rust  
resistance marker but need to be tested with a larger number  
of plants to determine their usefulness.  We have also  
successfully sequenced a number of markers associated  
with Iucundis, Ku and Lentus and will soon be developing  
and testing primers for these markers. 
Incorporation into the breeding program 
Currently, much of the breeding material used by the Department of Agriculture is undergoing 
screening for Anthracnose resistance using the molecular marker AntjM2.  During the 2005 winter 
season, over 16,000 plants were sampled and individually tested for presence of the anthracnose 
resistance gene Lanr1.  The screening of both crossbreds and potential parents is enabling the rapid 
incorporation of Lanr1 into the domesticated genome.  It is envisaged that with the successful 
development of a marker to Lanr2 a similar program will result.  Markers for the domestication genes 
need only be implemented when wild accessions are used as parents in the breeding program. 
Genetic mapping 
For efficient plant breeding, it is necessary to have an understanding of how genes segregate relative 
to each other.  For instance, if two genes are closely linked, selection for the one gene will make it 
much more likely that the other gene is also selected, whereas for genes distantly linked or on 
different chromosomes, selection for the one gene will have no effect on selection for the other.  A 
genetic map has therefore been constructed for narrow-leaf lupins to enhance future work in lupin 
breeding. 
Plants showing only the top band are homozygous resistant (RR), and are selected.  Plants showing 
only the bottom (which are susceptible, rr) and plants show both bands (which are heterozygous 
resistant, Rr) are discarded.  A total of 672 plants (96 plants x 7 loadings) are resolved in a single gel 
for high-throughput and cost-efficiency.  
Schematic Flow Diagram of MFLP Technique 
SSR 
  Candidate markers in MFLP gels 
DNA sequencing, primer designing 
Simple PCR based markers 
Marker implementation in breeding program 
Genomic DNA  
DNA digestion 
 Adaptor ligation 
Pre-selective PCR  
Selective PCR  
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Figure 2. Marker implementation in lupin breeding for selection of anthracnose resistance in F2 plants. 
 
Construction of a genetic linkage map using MFLP, and identification of 
molecular markers linked to domestication genes in narrow-leafed lupin 
(Lupinus angustifolius L.) 
Jeffrey Boersma1,2, Margaret Pallotta3, Bevan Buirchell1, Chengdao Li1, 
Krishnapillai Sivasithamparam2 and Huaan Yang1 
1Department of Agriculture, Western Australia 
2The University of Western Australia 
3Australian Centre for Plant Functional Genomics, South Australia 
Introduction 
The narrow-leafed lupin (Lupinus angustifolius L) is a major legume crop in Australia and the grain is 
used for both stock feed and human consumption.  Modern day breeding of narrow-leafed lupins 
started in Germany early last century, followed by extensive work in Australia beginning in the 1950s 
[2].  Several key genes for the domestication of this crop have been incorporated.  These include the 
low-alkaloid gene iucundis (iuc), seed coat permeability gene mollis (moll), white flower gene 
leucospermus (leuc), nil vernalisation requirement gene Ku and, reduced pod shatter genes tardus (ta) 
and lentus (le) [1,3,4].  A genetic linkage map in a crop species is a foundation for genomics, genetic 
studies, and identification of molecular markers linked to agronomic traits that can be used for marker 
assisted selection in plant breeding.  Various techniques are available to generate polymorphic DNA 
fragments in marker populations and one such method is Microsatellite Fragment Linked 
Polymorphisms (MFLP).  The objectives of this study were to:  (1) employ the MFLP technique to 
generate DNA markers for the construction of a genetic map of L. angustifolius; and  (2) identify 
molecular markers linked to the domestication genes and the anthracnose resistance gene Lanr1. 
Results 
A total of 1083 polymorphic markers were scored with the majority of the fragment lengths in the range 
of 100-450 bp.  There were 522 unique marker loci of which 454 could be placed into 21 linkage 
groups (Figure 3. Genetic linkage map of Lupinus angustifolius based on 89 F8 derived recombinant 
inbred lines.)  The average interval distance between adjacent markers was 3.4 cm.  Linkage groups 
(LG) ranged in length from 19.9 cm (LG 21) to 137.3 cm (LG1).  The resultant map length was 
1543 cm.  By using techniques for estimating the length of the genome [5,6,7] it was calculated that 
the maximum map length for narrow-leafed lupin was 1896 cm but is probably no more than 1673 cm.  
Therefore the linkage map presented here covers at least 80 per cent of the narrow-leafed lupin 
genome. 
All the domestication genes (except ta), as well as the anthracnose resistance gene lanr1 and its 
marker (AntjM2) were integrated into the map.  Two to seven MFLP markers were identified within 
5 cm of each of the domestication genes iuc, moll, leuc and Ku.  The gene for nil-vernalisation Ku, and 
the gene for seed coat permeability (moll) co-segregated with their nearest markers in LGs 17 and 
8 respectively. 
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Discussion 
This is the first reported high density − linkage map of L. angustifolius.  The results show that MFLPs 
are as versatile as AFLPs in the production of markers suitable for mapping.  The molecular markers 
closely linked to the domestication genes will be converted into simple PCR based markers for marker 
assisted selection in lupin breeding programs.  
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Genes of interest are located in the following Linkage groups:  LG2 – Anthracnose resistance gene 
Lanr1; LG8 – mollis (soft seeds); LG9 – iucundis (low alkaloids); LG11 – Leucospermus (white flower 
and seed colour); LG 13 – lentus (reduced pod shatter); LG 17 – Ku (reduced vernalisation 
requirement). 
Figure 3. Genetic linkage map of Lupinus angustifolius based on 89 F8 derived recombinant inbred 
lines. 
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The first gene-based map of narrow-leafed lupin − location of domestication 
genes and conserved synteny with Medicago truncatula 
M. Nelson1, H. Phan2, S. Ellwood2, P. Moolhuijzen3, M. Bellgard3, J. Hane2, A. Williams2, 
J. Fos-Nyarko4, B. Wolko5, M. Książkiewicz5, M. Cakir4, M. Jones4, M. Scobie4, C. O’Lone1, 
S.J. Barker1, R. Oliver2, and W. Cowling1 
1School of Plant Biology, The University of Western Australia 
2Australian Centre for Necrotrophic Fungal Pathogens, Murdoch University 
3Centre for Bioinformatics and Biological Computing, Murdoch University 
4School of Biological Sciences and Biotechnology, SABC, Murdoch University 
5Institute of Plant Genetics, Polish Academy of Sciences, Poznań, Poland 
Key messages 
In a collaborative effort between research groups at The University of Western Australia, Murdoch 
University and the Institute of Plant Genetics in Poland, we have developed the first gene-based 
linkage map of narrow-leafed lupin.  On this map five genes that control key domestication traits have 
been positioned.  By using gene-based molecular markers that are well conserved across wide 
evolutionary distances, we were able to compare the lupin map to the genome sequence of the model 
legume Medicago truncatula.  For the first time, we found evidence of conserved gene order despite 
the estimated 50 million years of evolutionary time that separates these two species.  This genome 
conservation, also known as synteny, will greatly assist the lupin genetic research community to 
access the extensive genetic resources available in M. truncatula, and enable the development of 
better molecular markers for breeding purposes. 
Aim 
To develop a gene-based linkage map of narrow-leafed lupin, to map key domestication genes, and to 
compare the lupin map to the genome sequence of the model legume Medicago truncatula. 
Method 
A recombinant inbred line mapping population was developed at DAWA from a cross between 
domesticated 83A:476) and wild (P27255) narrow-leafed lupin parents.  A variety of PCR and RFLP-
based markers were used to genotype this population.  Lupin cDNA and soybean genomic clones 
were used as RFLP markers.  We developed new lupin-based PCR markers and also used previously 
published M. truncatula microsatellite, single nucleotide polymorphism and cleaved amplified 
polymorphic sequence markers (Choi et al. 2004).  To increase the map density, we used AFLP 
markers identified during a previous GRDC-funded project (Brien et al. 1999).   
Results 
We used 382 markers to generate the first gene-based map of the narrow-leafed lupin genome.  
Twenty major linkage groups were identified plus five minor linkage groups and 11 unlinked markers.  
Domestication traits were mapped to five separate major linkage groups.  Two RFLP markers 
(UWA214 and A071b) co-segregated with flowering time gene, Ku, on linkage group LG01 (Figure 4).  
UWA214 has subsequently been converted to a simple PCR-based marker for easy screening of 
breeding lines.  The region of the lupin genome in which Ku is located correlates to a section of 
M. truncatula chromosome 7.  The good conservation of gene order may allow the development of a 
‘perfect’ marker for Ku by identifying a candidate gene in the equivalent region of M. truncatula.  A 
similar case was found for the reduced pod shattering gene, Lentus, which was mapped to linkage 
group 5 of lupin and which has an equivalent region on M. truncatula chromosome 1 (Figure 4).   
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Figure 4. Examples of conserved gene order in narrow-leafed lupin and Medicago truncatula.  Black 
vertical lines are sections of lupin linkage groups, LG01 and LG05.  Red vertical blocks are 
sections of M. truncatula chromosomes Mt-1 and Mt-7.  Dotted lines indicate equivalent genes 
in both species.  Ku and Lentus domestication trait genes are shown in large text. 
Conclusion 
This gene-based linkage map of narrow-leafed lupin, along with the mapping population developed at 
DAWA, will enable lupin genetic researchers around the world to map markers or genes of interest 
and to efficiently share results.  This study identified markers linked to five key domestication traits, 
which could be used for marker-assisted selection in other crosses between domesticated and wild 
types of lupin.  This is the first study to identify regions of the lupin genome that are conserved in the 
genetic model legume species, M. truncatula.  This ‘synteny’ between lupin and M. truncatula offers 
tremendous promise in aiding our basic understanding of genetic processes in lupin and also in the 
development of ‘perfect’ markers for marker-assisted selection in lupin breeding. 
Keywords 
Lupinus angustifolius L., framework genetic map, recombinant inbred lines, marker-assisted breeding 
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How does lupin optimum density change with row spacing? 
Bob French and Laurie Maiolo, Department of Agriculture, Western Australia 
Key messages 
• Under very good growing conditions (yield above 4 t/ha) lupins in wide rows yield less than in 
narrow rows. 
• Optimum densities for lupins vary a great deal from site to site and from season to season. 
• Lupins grown in 60 cm rows should be sown at the same rate as those grown in narrow rows. 
Background 
Research over the past five years, both in the Department of Agriculture and by farmer groups, has 
shown that growing lupins in much wider rows than the traditional 7 to 10 inches rarely results in a 
significant yield penalty, and can give a yield benefit in harsh seasons.  In addition, there is growing 
interest in wide rows because they facilitate inter-row spraying with non-selective herbicides for 
troublesome weeds.  
There is little information on how crop density interacts with row spacing at spacings wider than 50 cm.  
Some research conducted by WANTFA in medium to high rainfall environments suggested that 
optimum density was independent of spacing, but in a trial of Martin Harries’ at Mullewa in 2004 lupin 
yield declined at high density in 25 cm rows, but not in 100 cm rows. 
This also raises a question about optimum density.  Our current recommendations are based largely 
on trials done with varieties such as Danja, Gungurru and Merrit.  The newly released Mandelup is 
quite a different plant, and worthy of testing to see if it exhibits the same type of response to crop 
density as these older varieties. 
Method 
Mandelup lupins were sown at target densities of 10, 20, 40, 80 and 120 plants/m² (seed rates were 
14, 29, 58, 115 and 173 kg/ha) in wide and narrow rows in wheat stubble at Eradu on 16 May 2005, 
Mullewa on 3 May 2005, Dalwallinu on 10 May 2005, Wongan Hills on 6 May 2005 and Newdegate on 
29 April 2005.  Another trial with the same treatments using Mandelup and Pootalong yellow lupins 
was sown at Merredin on 5 May 2005.  The wide rows were 60 cm apart in each experiment except at 
Mullewa, where it was 45 cm; the narrow rows were 22.5 cm apart at Eradu and Mullewa, 18 cm apart 
at Dalwallinu, Wongan Hills and Newdegate, and 23 cm apart at Merredin.  The wide row spacing at 
Mullewa was intended to be 60 cm, so seed rates in the wide spacing were 33 per cent higher than in 
the narrow spacing. 
Results 
Table 4. Lupin establishment (plants/m2) 
















Wide 10 8 11 12 10 11 
 20 16 26 22 19 20 
 40 32 48 38 36 41 
 80 53 91 80 75 69 
 120 85 121 118 107 89 
Narrow 10 8 8 10 11 8 
 20 18 16 17 22 14 
 40 37 31 39 42 25 
 80 64 66 68 83 56 
 120 84 85 114 125 83 
lsd (P = 0.05) 6.7 8.6 7.5 7.4 6.7 
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A wide range of lupin densities were established at each site, from well below to well above that 
usually found in commercial crops (Table 4).  There was no consistent effect of row spacing on crop 
establishment across sites, but the effect at each site was significant.  Wide rows ranged from having 
13 per cent fewer plants on average than narrow rows at Wongan Hills to 44 per cent more at 
Mullewa.  In the case of Mullewa this was largely due to differences in seed rate, but even with the 
same seed rate wide rows had better establishment at 3 out of the other 5 sites. 
 
Figure 5. Grain yield response to lupin plant density when grown in wide or narrow rows at four 
locations in Western Australia in 2005. 
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Crop density had a significant effect on grain yield at each site, but the shape of the response varied 
from site to site (Figure 5 and Figure 6).  The sites at Eradu (Valentine Rd), Dalwallinu and Mandelup 
at Merredin, showed typical hyperbolic responses while the other sites showed more peaked 
responses with gradually declining yields at very high densities.  The response for the Newdegate site 
is not shown here, but it is qualitatively similar to that shown for Wongan Hills, except that the 
maximum yield was about 1.9 t/ha, and wide rows yielded only about 100 kg/ha less than narrow 
rows.   
Wide rows resulted in yield penalties of up to 1.5 t/ha at Eradu and Wongan Hills.  Yield penalties of 
this size have not been observed in WA before, but the yields at these sites were much higher than is 
usually observed.  At the other sites with more normal yields row spacing affected grain yield much 
less.  Grain yield was higher in wide rows at Dalwallinu, less at Newdegate and Merredin, and no 
different at Mullewa.   
 
Figure 6. Grain yield response to lupin plant density in Mandelup narrow-leafed lupin and Pootalong 
yellow lupin grown at Merredin in 2005. 
Optimum densities were calculated as described in French et al. (1994) Australian Journal of 
Experimental Agriculture 34, 491-497, and are presented in Table 5.  Optimum densities range from 
16 plants/m² in wide rows at Mullewa and Newdegate to 90 plants/m² in narrow rows at Eradu.  In 5 of 
the 7 cases the optimum density in wide rows is lower than in narrow rows but the difference was not 
significant in any individual case.  Yellow lupins at Merredin had lower optimum densities than narrow-
leafed lupins.  It would be premature to conclude that yellow lupins should be sown at lower rates than 
narrow-leafed lupins, though, because this trial was severely affected by frost, to which yellow lupins 
are particularly susceptible. 
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Table 5. Optimum plant densities (plants/m²) calculated for lupins grown in wide and narrow rows 
grown at a range of sites in Western Australia in 2005 
Cultivar Site Optimum density in narrow rows 
Optimum density in wide 
rows 
Mandelup Eradu (Valentine Rd) 90 70 
 Mullewa 30 16 
 Dalwallinu 39 35 
 Wongan Hills 30 35 
 Merredin 40 49 
 Newdegate 25 16 
Pootalong Merredin 29 28 
Conclusion 
Optimum densities varied over a very wide range between sites.  Previous experience tells us that this 
variation also occurs between years at the same site.  Optimum density varied little between wide and 
narrow rows within a particular site.  Lupins in wide rows had lower optimum densities at the majority 
of the sites, even though the difference was not significant at any individual site.  Assuming that wide 
rows are equally likely to have larger and smaller optima than narrow rows, the probability of 5 out of 










, supporting the 
conclusion that row spacing has no effect on optimum density.  Most of the optimum densities 
calculated for these sites are lower than we would recommend, and lower than most growers aim for.  
This is due to the very good growing conditions for most of the season that allowed plants in thin 
stands to fill the empty space around them before spring and would not necessarily happen in most 
growing seasons.  While yield peaked at 30 to 40 plants/m² in a number of cases, yield declines very 
little as density increases to 60 or even 80 plants/m² in most of these.  Given that high density makes 
an important contribution to crop competitiveness against weeds and yields drop rapidly if densities 
below the optimum are achieved, we believe that it is preferable to plant more than the optimum 
number of plants rather than fewer. 
Acknowledgements 
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Wide row spacing and seeding rate of lupins with conventional and precision 
seeding machines 
Martin Harries, Jo Walker and Murray Blyth, Department of Agriculture, Western Australia 
Background 
The aim of this trial was to build upon previous data on lupin row spacing and seeding rate effects on 
plant growth and yield while assessing differences between a conventional combine and a precision 
seeder.  A precision seeder places seed equal distances apart within the row giving seedlings even 
access to nutrients and water.  This may result in a more uniform crop stand than can be achieved 
with a conventional combine, particularly when seedlings become more crowded in wide row cropping 
situations.  A more even stand may also result in even plant development and greater precision in 
timings of post emergent management operations such as herbicide application. 
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Method 
Treatments included two seeding machines.  A conventional John Deere combine converted to an air 
seeder and an Agricola series K pneumatic precision drill.  Each seeder sowed two row spacings 
(25 and 50 cm) factorially with three seeding rates (40, 70 and 100 kg/ha).  Four replicates were sown 
as a split plot design.  Main plot was seeder type with factorial row spacing and seeding rate 
combinations randomised within main plots.  Plots were five metres wide; edge rows were not used for 
measurements and were not harvested.  The trial was seeded a drying a red sandy loam soil on 
28 April at Mullewa Research Annex.  Germinating rains fell on 30 April the following week.  
Measurements taken included establishment, dry matter cuts, plant height, grain yield component 
analysis, harvest height, grain protein percentage and yields.  These are discussed below; 
Results 
The trial established well with a range of plant densities from thirty two to sixty nine plants per square 
metre obtained.  Plant density increased significantly with increased seeding rate as expected, 34, 47, 
and 64 plants per square metre at 40, 70 and 100 kg/ha respectively.  The 50 cm row spacing had 
statistically significantly lower plant establishment than the 25 cm spacing, approximately 3 plants per 
square metre less averaged across other treatments (Table 6). 
Biomass production was recorded by quadrate cuts three times during the growing season (Table 6).  
There were no significant differences in biomass production between the two seeders at any time of 
measurement.  There was a significant effect of row spacing at the last time of sampling, 24 October, 
with 25 cm rows having significantly higher biomass than 50 cm rows.  At all times of measurement 
there were significant differences between seeding rates.  At the first time of sampling, 16 June, 
biomass production was proportional to seeding rate (Table 6 and Figure 7).  Biomass production 
averaged across seeding rates was 42, 50 and 55 grams per square metre for the 40, 70 and 
100 kg/ha rates respectively.  At the last sampling 24 October biomass production was significantly 
different and inversely proportional to seeding rate (Figure 7).  Biomass production averaged across 
seeding rates was 510, 430 and 394 grams per square metre for the 40, 70 and 100 kg/ha rates 
respectively.  With the long growing season and mild finish to the season lower seed rate treatments 
which had lower early vigour were still able to produce more biomass than the higher seeding rates.  
Single plant biomass was recorded at the same times as biomass production.  Seeding rate was 
highly significant at all times of sampling.  Each seeding rate was significantly different to each other at 
all times of sampling.  As seeding rate increased plant weight decreased (Table 6 and Figure 8).  This 
would help to explain why lodging increased with seeding rate (Table 6). 
Main stem pods of wide row treatments were further from the ground than narrow rows (p < 0.05) 
however, the actual difference in pod height was less than one centimetre.  Grain quality including 
seed weight and protein were unaffected by the imposed treatments (Table 6). 
Grain yield component analysis (Table 7) indicated that lower seeding rates resulted in more pods on 
the main stem, and consequently seed per stem.  On the primary lateral branches the lower the seed 
rate the greater the number of pods per stem and seed per pod, and consequently seed per stem.  
Seed weight was not significantly affected by any treatment on main stem or primary lateral branches. 
Yield results (Table 8) showed no significant difference in yields between the type of seeder used.  
There was a trend of higher yield with lower seed rate for both machines however this was not 
statistically significant.  Higher seed rate plots tended to lodge more which helps to explain the lower 
average yield at higher seed rates.  The 50 cm treatment out-yielded the 25 cm treatment supporting 
previous trials that have indicated that yield will not be lost when moving from 25 to 50 cm at Mullewa. 
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Table 6. Establishment (plants/m2), plant dry weights (g), biomass production (g/m2), lodging percentage, lowest pod height (cm), 1000 seed weight (g), protein 
(%) 














40 25 33.7 45.5 340.5 579.0 1.6 9.8 16.9 5.5 44.5 167.4 29.7 
70 25 49.5 54.0 335.5 441.0 1.2 7.8 12.5 7.5 44.0 161.7 29.5 
100 25 64.7 58.0 330.0 361.0 1.1 5.8 8.2 10.0 44.3 162.3 29.6 
40 50 31.3 41.5 279.0 406.0 1.6 10.0 18.3 1.3 44.7 169.0 29.6 
70 50 45.5 52.0 303.0 409.0 1.1 6.4 9.3 3.5 45.1 162.8 29.4 
Combine 
seeder 
100 50 63.0 53.5 298.5 336.0 0.9 4.9 8.7 3.5 44.2 165.4 29.3 
40 25 39.8 40.0 341.5 554.0 1.5 9.5 17.2 2.3 44.2 161.9 29.5 
70 25 50.3 48.5 329.0 493.0 1.4 8.0 12.8 4.0 44.2 162.4 29.7 
100 25 61.8 53.0 347.0 570.0 1.1 6.2 10.8 5.5 44.2 160.8 29.9 
40 50 32.0 40.5 276.0 500.0 1.4 7.3 20.0 0.5 44.3 166.8 29.5 
70 50 42.3 45.5 350.5 378.0 1.1 8.7 11.7 1.5 44.5 159.4 29.0 
Precision 
seeder 
100 50 67.8 55.0 323.0 308.0 0.9 5.9 7.0 3.0 44.4 163.0 29.7 
lsd seeder ns ns ns ns ns ns ns hs 1.223 ns ns ns 
lsd rate hs 2.661 hs 2.610 hs 34.66 s 79.50 hs 0.1409 hs 0.619 hs 0.7540 hs 1.223 ns ns ns 
lsd row s 2.173 ns ns s 64.90 s 0.1150 ns ns hs 1.497 s 0.2821 ns ns 
lsd interaction ns ns ns ns ns ns ns ns ns ns ns 
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Table 7. Total dry weight (g/m2), stem dry weight (g), pods/stem, seed/pod, seed/stem, seed weight (g) 































40 25 822 4.43 5.66 3.74 21.0 0.159 0.44 2.91 3.64 10.5 0.139 
70 25 693 3.86 5.18 3.58 18.5 0.160 0.39 2.48 3.38 8.4 0.137 
100 25 626 3.70 3.62 3.74 13.5 0.163 0.37 1.97 3.29 6.5 0.153 
40 50 532 5.98 6.66 3.60 24.2 0.188 0.60 2.52 3.69 9.3 0.151 
70 50 532 7.48 3.78 3.65 13.9 0.167 0.75 2.03 3.51 7.2 0.142 
Combine 
seeder 
100 50 452 6.71 3.56 3.60 12.8 0.166 0.67 1.92 3.12 6.0 0.147 
40 25 824 4.02 6.55 3.73 24.4 0.201 0.40 2.69 3.83 10.4 0.157 
70 25 772 3.69 5.45 3.60 19.6 0.162 0.37 2.44 3.58 8.7 0.157 
100 25 859 4.54 5.02 3.83 19.3 0.165 0.45 1.80 3.50 6.3 0.154 
40 50 626 7.03 6.86 3.77 25.9 0.167 0.70 2.67 3.86 10.3 0.152 
70 50 489 6.03 5.24 3.88 20.6 0.158 0.60 1.80 3.55 6.4 0.141 
Precision 
seeder 
100 50 432 6.24 3.00 3.58 10.8 0.164 0.62 1.67 3.22 5.4 0.130 
Averages                       
Combine 609 5.36 4.7 3.65 17.3 0.167 0.54 2.30 3.44 8.0 0.145 
Precision seeder 667 5.26 5.4 3.73 20.1 0.170 0.53 2.18 3.59 7.9 0.148 
25 cm 766 4.04 5.3 3.70 19.4 0.168 0.40 2.38 3.54 8.5 0.150 
50 cm 510 6.58 4.9 3.68 18.0 0.168 0.66 2.10 3.49 7.5 0.144 
40 kg/ha 701 5.37 6.43 3.71 23.9 0.179 0.54 2.70 3.75 10.1 0.150 
70 kg/ha 621 5.27 4.91 3.68 18.1 0.162 0.53 2.19 3.51 7.7 0.144 
100 kg/ha 592 5.30 3.80 3.69 14.1 0.165 0.53 1.84 3.28 6.06 0.146 
lsd seeder ns ns ns ns s 1.10 ns ns ns s 0.057 ns ns 
lsd rate ns ns hs 0.362 ns hs 1.34 ns s 0.106 hs 0.161 hs 0.070 hs 0.586 ns 
lsd row hs 79 hs 0.634 ns ns ns ns hs 0.129 s 0.131 ns s 0.478 ns 
lsd interaction ns ns ns ns ns ns ns ns ns ns ns 
hs, p < 0.001, s p < 0.05, ns not significant. 
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Table 8. Yield (t/ha) 
  Seeding rate   
  40 kg 70 kg 100 kg   
  
Row 
spacing 25 cm 50 cm 25 cm 50 cm 25 cm 50 cm 
Av 
seeder Lsd 
Combine   1.280 1.349 1.254 1.322 1.147 1.279 1.272 ns 
Precision   1.003 1.789 0.854 1.735 0.768 1.380 1.255  
            
Av row       1.051 1.476  hs 0.144 
Av rate    1.355  1.291  1.143  ns 
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Figure 8. Plant weight. 
 
Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
33 
Influence of row spacing and plant density on lupin competition with annual 
ryegrass 
Bob French and Laurie Maiolo, Department of Agriculture, Western Australia 
Key messages 
• At least 40 plants/m² of lupins must be established to compete adequately against annual 
ryegrass. 
• Less ryegrass may germinate in wide rows due to less soil disturbance. 
• Lupins in wide rows will not compete as well against ryegrass as in narrow rows at the same 
density. 
• Do not cultivate the inter-row area when sowing lupins in wide rows. 
Background 
Among the important current trends in WA’s lupin industry that could have long-term implications for its 
sustainability are increasing levels of herbicide resistance in weeds, particularly in annual ryegrass, 
and a tendency to sow the crop in wider rows than formerly. 
Greater levels of herbicide resistance are important because it means that weeds cannot be so easily, 
or cheaply, controlled.  This reduces the return from the lupin phase in crop rotations and, more 
importantly, increases the likelihood in the lupin phase of weed blowouts that can reduce the 
profitability of several subsequent phases of the rotation.  In the 1980s one of the reasons lupins were 
highly valued was because grass weeds could be more effectively controlled with herbicides than in 
other crops, which resulted in weed-free cereals.  Now it is increasingly likely that weed populations 
will build up under lupins because they are less competitive than cereals with weeds.  To maintain 
sustainable lupin rotations therefore requires weed control strategies not so dependant on herbicides, 
including ways of making lupins more competitive against weeds. 
Sowing lupins in 50-75 cm rows instead of the traditional 18-25 cm ones has a number of benefits, 
including limiting very poor yields in dry seasons.  However, crops in wide rows take longer to achieve 
full canopy cover that crops in narrow rows, so would not be expected to compete as well with weeds.  
In dry environments where wide rows have greatest yield benefit they may never achieve full canopy 
cover and so offer little competition against weeds.  We have suggested to growers that weed control 
will not be as effective in wide as in narrow rows unless extra measures, such as spraying the inter-
row area with non-selective herbicide, are taken.  However, the effect of row spacing on competition 
between lupins and weeds has not yet been properly investigated.  Here we describe the effects of 
lupin crop density and row spacing on the growth and seed production of annual ryegrass in two 
experiments. 
Method 
Mandelup lupins were sown at target densities of 10, 20, 40, 80 and 120 plants/m² (seed rates were 
14, 29, 58, 115 and 173 kg/ha) in wide and narrow rows in wheat stubble at Merredin on 4 May 2005 
and at Dalwallinu on 10 May 2005.  The wide rows were 60 cm apart in both experiments; the narrow 
rows were 23 cm apart at Merredin and 18 cm apart at Dalwallinu.  2 L/ha simazine was applied to 
both sites before sowing; the Merredin sites also had an application Spray.Seed.  The ryegrass that 
emerged was treated with Select and Fusion on separate occasions at both sites, and the 
measurements reported here were on the survivors of these treatments.  Half of the trial at Merredin 
was crop topped with 800 mL/ha Gramoxone on 11 October after lupin leaf drop had begun, and the 
whole site at Dalwallinu was crop topped on 7 October.  
Results 
A wide range of lupin densities were established at both sites, from well below to well above that 
usually found in commercial crops (Table 9).  Crop yields were low as a consequence of intense weed 
competition and, at Merredin, frost damage.  Figures 1 and 2 show that the amount of ryegrass varied 
between treatments in each trial, with a clear downward trend as crop density increased.  In particular, 
the amount of ryegrass was much greater when the crop density was less than 40 plants/m².  On the 
other hand, there were very different effects of row spacing at the two sites.  At Dalwallinu there was  
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more ryegrass in wide row spacings, especially at high densities, but at Merredin there was more 
ryegrass in narrow row spacings, especially at low densities.  A possible explanation for this is that at 
Merredin more ryegrass germinated in the narrow spacings, stimulated by the greater soil disturbance 
in the sowing operation.  At Dalwallinu this did not happen because the site was fully disturbed before 
sowing by a deep ripping operation.  At both sites the reduction in ryegrass numbers with increasing 
density was greater in the narrow row spacing, although this was only significant at Dalwallinu due to 
less within site variation.   
These effects of density and row spacing at Merredin were also reflected in ryegrass seed production, 
which was estimated at harvest.  Figure 10 shows that increasing density above 40 plants/m² reduced 
ryegrass seed production significantly.  This figure shows a large reduction in ryegrass seed due to 
crop topping, but the experimental design was not very sensitive to this and this effect was not quite 
significant (the error bars shown only apply to comparisons made between means with the same level 
of crop topping).  However, the ryegrass seed in the crop topped treatment is likely to be less viable 
than in the non-crop topped treatment so the contribution to the soil seed bank will be further reduced.  
Wide rows at Merredin produced significantly less ryegrass seed (1188 seeds/m² averaged across all 
treatments) than narrow rows (1465 seeds/m²).  Row spacing did not interact with density as far as 
ryegrass seed production was concerned. 
Table 9. Lupin establishment (plants/m²) and grain yield (t/ha) 









Grain yield at 
Dalwallinu 
Wide 10 17 0.38 12 0.42 
 20 19 0.53 22 0.48 
 40 33 0.54 38 0.58 
 80 52 0.49 80 0.66 
 120 73 0.36 118 0.72 
Narrow 10 15 0.36 10 0.30 
 20 17 0.49 17 0.43 
 40 25 0.51 39 0.58 
 80 46 0.54 68 0.68 
 120 63 0.66 114 0.68 
lsd (P = 0.05)  6.9 0.136 7.5 0.08 
A The yields given here for Merredin are from non-crop topped treatments.  Crop topping significantly reduced 
grain yield from 0.49 to 0.38 t/ha when averaged over all densities and spacings.  Crop topping did not interact 
with any other effects. 
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Figure 9. Annual ryegrass biomass and head number at crop maximum biomass at Merredin. 
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Figure 10. Annual ryegrass biomass at crop maturity at Dalwallinu. 
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Figure 11. Annual ryegrass seed production at crop maturity at Merredin. 
Conclusion 
Lupins compete against ryegrass much better with high plant densities.  To avoid ryegrass blowouts at 
least 40 plants/m², and preferably more, should be established.  Growing lupins in wide rows does not 
necessarily mean there will be more ryegrass, possibly due to different amount of soil disturbance 
influencing the amount of ryegrass that germinates.  However, lupins in wide rows will not compete as 
well with the ryegrass that germinates.  While this issue needs further research, it suggests that 
achieving wide rows by blocking the seed off to every second tine while leaving those tines cultivating 
the soil may exacerbate any ryegrass problem.  Crop topping can also provide useful ryegrass control 
and should be used in conjunction with high crop densities. 
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Effect of timing and speed of inter-row cultivation on lupins 
Martin Harries, Jo Walker and Steve Cosh, Department of Agriculture, Western Australia 
Background 
Extensive testing in previous years has ascertained that lupins can be row cropped at spacings of 
50 cm or greater in the northern agricultural region.  In other row cropping systems throughout the 
world inter-row tillage has been used to control weeds between rows.  It is documented from studies in 
Denmark that angustifolius lupin tolerates inter-row cultivation and the resulting soil throw with minimal 
yield loss.  In these studies over three years lupins were able to withstand soil throw and were also 
able to recover better than other crop species from being covered by soil.  This would be expected 
considering that lupins are stiff stemmed have a high plasticity to seedling density and produce a low 
proportion of yield from basal branches, close to the ground. 
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The WA environment and soils are likely to be well suited to post-emergent inter-row tillage.  In many 
years extended dry periods occur.  At these times herbicides become less readily absorbed by weeds, 
making herbicidal weed control difficult to achieve.  Conversely in this situation weeds would not be 
expected to tolerate root disruption well.  Course textured Western Australian soils may be well suited 
to cultivation due to relative ease of soil tillage.  While many factors suggest that inter-row cultivation 
in lupins could be successful the first aspect that needs to be quantified is the safety on the crop.  This 
trial investigated the effect of tillage timing and speed on lupin growth and development. 
Method 
Treatments included four timings of inter-row tillage according to plant growth stage (4, 10 leaf, 
Flowering and 4 leaf and flowering) factorially with three speeds of tillage (2, 4 and 8 km/hr).  Along 
with these 12 treatments a Nil tillage control was included.  The trial design consisted of four replicate 
randomised complete blocks.  Tillage was undertaken with two 20 cm wide sweeps positioned 
between 44 cm rows.  Depth of cultivation was approximately 1 to 2 cm, skimming below the soil 
without creating excessive soil throw.  Measurements of plant density, biomass production, grain yield 
components, grain quality and yield were taken. 
Results 
Establishment was very poor due to simazine damage.  All seedlings were affected with typical 
simazine leaf burn which took several weeks to grow out of.  Target plant density of 45 plants per 
square metre was not obtained.  Plant population was approximately 30 plants per square metre; this 
was even across all treatments (Table 10).  
Grain yield component analysis showed very few significant responses to the treatments.  Cultivation 
at flowering tended to reduce seed number per stem on all stems (main, primary lateral and secondary 
lateral) but this was only statistically significant on the secondary laterals (Table 12).  Tillage at 
flowering also resulted in significant reductions in seed weight (Table 12) and final plant dry weight 
(Table 10).  Speed of operation had little effect on grain yield components (Table 12). 
Plots were machine harvested but a sampling error occurred, which was noticed two thirds of the way 
through the trial, these results could not be analysed.  Consequently yield was measured from hand 
cuts taken at maturity (Table 11).  The Nil tillage treatment had the highest yield, more than a tonne 
above the 8 km/hr at flowering tillage treatment.  Also cultivation at flowering alone constantly reduced 
yield at all tillage speeds.  However, there were no statistically significant differences in yield due to 
speed or time of tillage. 
Conclusion 
Results of this trial were variable due to the initial very poor establishment.  Under these 
circumstances it is not surprising that very few measurements showed statistically significant 
differences.  Three points can be taken from the trial.  Firstly lupins are more sensitive to tillage at 
flowering than before.  This could be due to physical damage to flowers themselves, although flowers 
were not observed to be knocked off plants during the tillage operation, or related to root pruning close 
to pod formation and seed fill.  Secondly speed of tillage made little difference to any of the variables 
measured.  Thirdly actual yield loss from the nil treatments to early tillage treatments was low 
indicating that lupins tolerated tillage at this time well.  From this trial it seems that post-emergent 
tillage between wide row lupins warrants further investigation. 
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Table 10. Establishment (plants/m2), Final biomass dry weight (g/m2), 1000 seed weight (g), grain protein 
(%) 
Speed Time Establishment Biomass Seed wt Protein 
4 leaf 28.4 620 190.2 27.6 
10 leaf 28.1 565 189.3 27.8 
Flower 29.0 379 185.7 27.9 
2 km/hr 
4 leaf & flower 28.4 509 196.0 27.6 
4 leaf 27.6 676 189.5 27.3 
10 leaf 30.6 661 186.7 27.8 
Flower 30.0 427 188.2 28.0 
4 km/hr 
4 leaf & flower 30.5 558 190.1 27.6 
4 leaf 25.5 772 188.1 27.5 
10 leaf 31.4 421 187.5 27.3 
Flower 29.8 515 184.7 28.0 
8 km/hr 
4 leaf & flower 33.2 630 191.0 28.0 
0 km/hr Nil 29.3 574 183.6 27.7 
Averages     
Nil 29.3 574 183.6 27.7 
2 km/hr 28.5 519 189.9 27.7 
4 km/hr 29.7 582 188.2 27.7 
8 km/hr 30.0 586 187.4 27.7 
4 leaf 27.2 690 189.3 27.5 
10 leaf 30.0 549 187.8 27.7 
Flower 29.6 441 186.2 27.9 
4 leaf & flower 30.7 566 192.4 27.7 
lsd speed ns ns ns ns 
lsd 5% time ns s 147.7 s 3.889 ns 
lsd interaction ns ns ns ns 
ns Not significant. 
Table 11. Yield (kg/ha) 
 Speed  
Time Nil 2 km/hr 4 km/hr 8 km/hr Av. time 
Nil 4.506     
4 leaf  4.32 4.61 4.14 4.36 
10 leaf  4.07 4.35 4.07 4.16 
Flower  3.87 3.63 3.43 3.64 
4 leaf & flower  4.22 4.30 4.36 4.29 
Av. speed  4.15 4.25 4.03  
lsd speed ns     
lsd time ns     
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Table 12. Total dry weight (g/m2), Stem dry weight (g), pods/stem, seed/pod, seed/stem, seed weight (g) 
  Mainstem Primary lateral Secondary lateral 

































4 leaf 57.7 5.7 3.91 22.3 0.190 19.6 8.4 3.91 32.7 0.178 7.85 5.5 3.90 21.3 0.119 
10 leaf 60.1 7.1 3.94 28.0 0.203 14.8 6.8 3.74 25.7 0.179 3.37 1.7 3.44 5.5 0.138 
Flower 39.1 4.2 3.84 16.2 0.191 11.1 6.1 3.81 23.0 0.171 4.35 2.8 3.51 9.9 0.124 
2 km/hr 
4 leaf & flower 56.4 5.9 3.88 23.0 0.200 16.1 7.5 3.94 29.7 0.174 5.70 3.5 3.61 12.6 0.130 
4 leaf 67.4 7.8 3.81 30.0 0.199 17.4 8.4 3.83 32.0 0.191 6.42 3.2 3.73 11.4 0.143 
10 leaf 65.7 7.2 3.89 28.3 0.147 17.3 8.4 3.74 32.7 0.180 7.62 4.5 3.11 17.0 0.181 
Flower 49.2 5.5 3.87 21.2 0.191 11.2 5.8 3.52 21.0 0.174 2.87 1.3 3.61 4.6 0.142 
4 km/hr 
4 leaf & flower 54.3 5.8 3.96 23.1 0.176 13.9 7.4 3.77 28.2 0.183 4.65 2.6 3.91 9.5 0.110 
4 leaf 64.7 7.1 3.97 28.2 0.191 19.9 9.7 3.85 37.5 0.177 12.80 6.9 3.56 25.0 0.136 
10 leaf 46.4 5.1 3.89 20.2 0.188 13.7 6.1 3.58 22.3 0.170 3.07 3.5 2.97 12.9 0.113 
Flower 52.2 5.5 3.90 21.2 0.208 13.7 6.6 3.70 24.4 0.181 7.00 3.8 3.60 13.9 0.141 
8 km/hr 
4 leaf & flower 49.7 5.9 3.86 22.8 0.199 14.2 7.2 3.76 27.6 0.173 6.60 2.9 3.64 10.6 0.151 
0 km/hr nil 56.4 5.7 4.01 22.9 0.195 13.9 7.4 3.97 29.3 0.181 6.90 4.4 3.68 16.1 0.131 
Averages                               
Nil 56.4 5.7 4.01 22.9 0.195 13.9 7.4 3.97 29.3 0.181 6.90 4.4 3.68 16.1 0.131 
2 km/hr 53.4 5.7 3.90 22.3 0.197 15.3 7.2 3.86 27.8 0.176 5.38 3.4 3.63 12.6 0.127 
4 km/hr 59.2 6.6 3.89 25.6 0.179 14.8 7.5 3.73 28.5 0.182 5.46 3.0 3.60 10.9 0.144 
8 km/hr 53.3 5.9 3.91 23.0 0.197 15.3 7.4 3.74 28.0 0.176 7.43 4.3 3.45 15.9 0.135 
4 leaf 63.3 6.9 3.90 26.8 0.193 19.0 8.8 3.86 34.0 0.182 9.02 5.2 3.73 19.3 0.133 
10 leaf 57.4 6.5 3.91 25.5 0.192 15.3 7.1 3.69 26.9 0.176 4.69 3.2 3.18 11.8 0.144 
Flower 46.8 5.1 3.87 19.5 0.197 12.0 6.2 3.68 22.8 0.176 4.74 2.6 3.58 9.5 0.135 
4 leaf & flower 53.5 5.9 3.90 23.0 0.195 14.7 7.4 3.82 28.5 0.177 5.65 3.0 3.72 10.9 0.130 
lsd speed ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
lsd time ns ns ns ns ns ns ns ns ns ns s 3.16 s 1.744 ns s 6.71 ns 
lsd interaction ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
S = p < 0.05;  ns = not significant. 
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The interaction of atrazine herbicide rate and row spacing on lupin seedling 
survival 
Martin Harries and Jo Walker Department of Agriculture, Western Australia 
Background 
Reports from growers suggest that when sowing lupins at wide row spacings, 50 cm, plant damage 
and seedling death caused by group C herbicides is reduced compared to seeding at narrower rows, 
25 cm or less.  There are a number of possible explanations for these observations.  It is well 
documented that throw of soil into furrows is a major cause of seedling damage in narrow row 
spacings.  Firstly it is less likely that soil, and herbicide, will be thrown onto neighbouring furrows when 
they are further apart.  The observation may also be due to differences in crop architecture between 
the row spacings.  It has been documented that plants are commonly taller when placed in wide rows, 
at the same seeding rate as narrow rows, presumably as a result of increased intra-specific 
competition for light.  Increased root competition may also occur through having crop plants sown at 
greater density per metre of row.  Studies of wheat by Paul Blackwell in 2004 have documented 
deeper root growth by plants in wider rows.  Hence increased plant density in the row would be 
expected to encourage early tap root growth and moisture acquisition out of the atrazine leaching 
zone.  Another explanation is that atrazine wash into furrows may be reduced, due to reduced amount 
of furrows, allowing seedlings to access moisture away from the row and any concentrated atrazine.  
The aim of this trial was to test whether there was an interaction between row spacing and triazine 
damage. 
Method 
The trial design included three row spacings (12.5, 25 and 50 cm) factorially with four rates of atrazine 
(0, 0.5, 1.0, 2.0 L/ha).  The 12 treatments were arranged in four replicates of randomised complete 
blocks.  The trial was seeded with 100 kg/ha Mandelup lupins on 29 April with good follow up rains the 
following day.  Dry matter production, seed quality and yield were measured. 
Results 
Biomass production at all row spacings was reduced by increasing rates of atrazine.  On 22 June 
biomass production was significantly lower at 2.0 L/ha compared to all other atrazine rates.  At 
1.0 L/ha biomass production was significantly lower than the 0.5 and 0 L/ha treatments.  There was no 
interaction between seeding rate and row spacing.  However, it is interesting to note that when 
2.0 L/ha of atrazine was applied biomass of the 12.5 cm treatment was reduced to approximately one 
quarter of the Nil atrazine treatment for that row spacing.  The 25 and 50 cm spacings suffered a much 
lower percentage reduction, approximately 50 per cent, from their respective nil atrazine treatments 
from this rate of atrazine (Table 13).  The variation in biomass production at this time can be explained 
by corresponding reductions in plant density caused by seedling death from increasing rates of 
atrazine (R2 0.78) (Table 13).  Plant weight was also significantly reduced at the 1.0 and 2.0 L/ha 
atrazine rates compared to the 0.5 and 0 atrazine rates. 
On 4 August the trend of reduced dry weight with increasing atrazine rate continued to be observed.  
Average biomass of nil atrazine treatments was 397 grams per square metre while at the 2.0 litre 
atrazine rate biomass was reduced to 318 grams per square metre.  Single plant weights were 
significantly higher in the 12.5 cm rows compared to the other spacings.  Plant weights were also 
higher in the 2.0 L/ha atrazine treatment compared to other atrazine treatments.  This is the opposite 
of what was observed at the earlier sampling date.  In the lower plant density situations, caused by 
earlier atrazine damage and seedling death, remaining plants were able to recover so that by the end 
of the season they were larger than plants in higher density populations. 
Grain yield quality, including 1000 seed weight and protein, were not affected by any of the 
treatments.  Yield was significantly reduced at the 2.0 L/ha atrazine rate compare to other rates.  This 
was expected considering the reduction in plant density and biomass of this treatment.  This 
experiment showed that seedling death was higher at the very narrow row spacing of 12.5 compared 
to 25 and 50 cm spacings.  However, the narrow row spacing, 12.5 cm, out-yielded both the 25 and 
50 cm spacings in this favourable season regardless of reductions in plant density.  There were trends 
in the plant density data and percentage yield reduction from the nil treatment (Table 14) indicating a 
possible interaction between atrazine rate and row spacing but this was not statistically significant. 
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0.0 57.5 47.5 1.24 394 34.0 11.99 178.5 29.2 
0.5 56.0 36.0 1.59 398 39.0 10.54 177.5 29.5 
1.0 35.0 38.0 0.93 356 38.5 9.28 174.7 29.1 
12.5 
2.0 14.5 12.0 0.98 257 18.5 13.39 175.6 29.5 
0.0 62.5 61.0 1.05 392 52.0 7.55 182.8 29.6 
0.5 55.0 41.0 1.37 379 39.0 9.65 173.6 29.0 
1.0 37.5 41.0 0.91 361 50.5 7.14 174.7 29.0 
25 
2.0 28.5 31.5 1.00 386 37.5 10.24 188.3 29.4 
0.0 54.0 52.5 1.02 403 43.0 9.65 181.4 28.8 
0.5 62.0 57.0 1.10 320 45.5 7.21 175.6 29.1 
1.0 50.0 55.0 0.91 404 55.0 7.24 176.8 29.3 
50 
2.0 24.0 22.0 1.07 310 27.5 11.92 170.9 29.3 
lsd row ns s 8.09 ns ns hs 5.97 s 1.93 ns ns 
lsd rate hs 9.62 hs 9.34 s 0.24 ns hs 6.89 s 2.22 ns ns 
lsd interaction ns ns ns ns ns ns ns ns 
hs, p < 0.001, sp < 0.05, ns not significant. 
Table 14. Yield (kg/ha) 
 Atrazine rate (L/ha)  
Row spacing 
(cm) 0.0 0.5 1.0 2.0 
Av. row 
spacing 
12.5 2.55 *(100) 2.54 (100) 2.48 (97) 1.96 (77) 2.4 
25 2.10 (100) 1.80 (86) 1.92 (91) 1.80 (85) 1.9 
50 2.00 (100) 1.93 (97) 2.08 (104) 1.81 (91) 2.0 
Av herb rate 2.22 2.09 2.16 1.86  
lsd row hs 0.152     
lsd rate hs 0.175     
* Figures in brackets are percentage of Nil atrazine rate, hs p < 0.001. 
 
The banding of herbicides on lupin row crops 
Martin Harries, Jo Walker and Murray Blyth, Department of Agriculture, Western Australia 
Background 
This trial examined the potential to use a disc seeder leaving an almost flat row to avoid atrazine wash 
into the furrow compared to a traditional furrow sown press-wheel configuration.  The aim was to 
assess crop safety from pre-sowing and post-sowing pre-emergent applications of atrazine to flat and 
furrowed sown seedlings.  With a trend towards sowing lupins in wide row spacings growers are keen 
to be able to target weed control efforts at either the row or inter-row.  In general robust weed 
management options are available for growers to control weeds between rows, such as shielded 
spraying or cultivation.  While these technologies are still being refined they provide obvious 
non-selective weed control strategies in row cropping situations.  Methods for controlling weeds within 
the row are less obvious.  One suggestion is to use soil residual herbicides such as group C’s 
post-sowing pre-emergent rather than pre-sowing.  The triazine herbicides used pre-emergent in lupin 
all have varying degrees of soil mobility and crop safety.  Crop safety is obtained under current 
seeding systems by applying herbicide before seeding then using a knife point to throw soil, and  
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herbicide, from the row.  While throwing herbicide away from the row increases crop safety it reduces 
efficacy on weeds.  If applied post sowing pre emergent more herbicide is retained in the furrow and 
not thrown from the furrow by knife points while sowing. 
Method 
Treatments included two seeding methods (level seedbed or furrow) factorially with two times of 
application (pre-seeding or post-seeding pre-emergent) and four atrazine rates (0, 0.5, 1.0 and 
2.0 L/ha), 50 per cent active formulation.  Four replicates were sown in randomised bocks.  Plots 
comprised of six rows at 55 cm spacings, edge rows were not used for measurements and were not 
harvested.  The trial was seeded into moist yellow sandplain soil on 28 April at Eradu.  Measurements 
taken included establishment, dry matter cuts, grain yield component analysis, grain protein 
percentage and yields. 
Results 
The trial established well with an overall plant density of 45 plants per square metre.  There was a 
difference in the establishment rates for the two types of seed beds.  Seed beds left flat had on 
average 48 plants per square metre while furrowed seed bed plots had on average 42 plants per 
square metre (Table 15). 
Atrazine rate had the most influence on the trial as expected.  Weed density and weeds per metre of 
row on 24 May along with, weed dry weight 11 August and weed scores 30 June all showed 
statistically significant increases in weed control with increased herbicide dosage (Table 15).  
Herbicide rate also affected lupin plant growth.  On 30 June lupin vigour was significantly reduced with 
the Nil and 0.5 L/ha treatments having higher vigour than the 1.0 L/ha and 2.0 L/ha treatments 
(Table 15).  Lupin plant height was also reduced by an average of 4.4 cm when comparing Nil and 
2.0 L/ha treatment averages, however this was not statistically significant (Table 15).  Final dry weight 
of lupins also followed the same trend with Nil treatments having 18 per cent higher biomass than 
2.0 L/ha treatments. 
Seeding method and timing of herbicide application had less effect on the lupins than herbicide rate.  
Dry matter on 8 August was reduced by 11 per cent in furrows compared to flat bed seeding, from 276 
to 245 grams per square metre.  The furrow sown post emergent sprayed treatments had the lowest 
vigour and dry matter production.  Vigour of this treatment at the 2.0 L/ha atrazine rate measured on 
30 June was 3.5 compared to a grand mean of 5.36.  Dry matter on 8 August averaged 153 g/m2 
compared to a grand mean of 260 g/m2 and dry matter on 14 September was 270 g/m2 compared to 
the grand mean of 463 g/m2 (Table 15).  Yields also show that the same treatment with low vigour and 
dry matter production had the lowest yield and that high herbicide rates applied post-emergent onto 
furrows reduced yields sharply (Table 16).  Yield results indicate that furrow seeding did yield less 
than leaving the seed bed flat but again this was not significant (Table 16).  While there were clear 
trends within the data indicating better crop safety with flat sown versus furrow sown treatments when 
herbicide was applied post-sowing pre pre-emergent none of these results were statistically 
significant. 
In 2005 a few commercial operators used seeding machines with nozzles attached to the press-wheel.  
Using this method herbicide was applied to the furrow directly after seeding.  Unfortunately this 
method of application resulted in variable crop safety, as it did in the trial above.  Attaching the nozzle 
to the press wheel reduced crop safety.  As soil conditions changed the depth of the furrow left by the 
press wheel changed.  A deeper furrow resulted in the nozzle being closer to the soil surface resulting 
in a thinner band of more concentrated herbicide. 
Conclusion 
It will be very difficult to achieve consistent crop safety when band spraying triazines onto furrow sown 
lupins post-sowing pre-emergent, even if an engineering solution is developed to ensure that herbicide 
is delivered accurately to the row.  Band spraying onto a flat seed bed will be a safer option.  Flat bed 
sowing will be most effective when wet sowing, when water harvesting to obtain germination is not 
required.  Herbicides with less soil mobility such as Brodal®, Kerb® or Dual Gold® may be better 
suited to post sowing pre emergent application onto furrows. 
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Table 15. Establishment (plants/m2), weed density between rows (plants/m2), Weeds per metre of row, 
plant vigour score, weed infestation score, plant height (cm), dry weight (g/m2) 




























Nil Nil 46.2 255.7 11.2 4.6 6.0 38.3 268 304 567 
0.5 50.7 247.7 5.3 4.3 6.3 39.9 322 250 495 
1.0 48.9 133.3 1.5 1.5 4.6 35.8 243 122 384 Post sowing 
2.0 46.5 88.1 1.0 1.0 4.3 32.8 259 111 470 
0.5 47.6 137.2 2.8 2.4 6.0 37.3 281 200 458 
1.0 46.3 112.7 1.9 2.0 5.4 37.1 276 104 418 
Flat bed  
Pre sowing 
2.0 49.7 96.8 1.6 1.3 6.0 38.1 279 87 553 
Nil Nil 42.1 293.6 6.7 5.0 6.0 39.0 305 260 482 
0.5 41.1 145.4 2.2 2.5 6.0 36.6 273 253 607 
1.0 41.2 135.1 2.1 2.5 4.6 33.4 208 213 488 Post sowing 
2.0 43.5 162.4 2.3 1.5 3.5 29.5 153 210 270 
0.5 42.2 155.3 2.1 3.0 5.5 36.6 281 244 375 
1.0 40.1 125.9 1.7 2.4 5.3 36.9 232 172 484 
Furrows 
Pre sowing 
2.0 44.9 84.7 1.0 1.6 5.6 36.7 261 135 438 
lsd seeding s 1.9 ns ns ns ns ns ns ns ns 
lsd herb. time ns ns ns ns ns ns ns ns ns 
lsd herb. rate ns hs 53.0 (s) 1.80 hs 0.89 s 1.06 ns ns hs 76.7 ns 
CV% 7.7 17.5 10 40.4 8.5 12.1 29.6 45.9 27.6 
hs, p < 0.001, s P < 0.05, ns, not significant. 
* Weed score 0 = nil weeds, 9 = 100% ground cover, +Vigour 0 = dead, 9 = healthy. 
Table 16. Yield (t/ha) 
  Atrazine rate (L/ha)   
Seeding method Atrazine timing 0.0 0.5 1.0 2.0 Av seeding method 
Av atrazine 
time 
Nil 2.173    2.03  
Post sowing  2.026 1.656 2.065   Flat bed 
Pre sowing  2.133 1.904 2.279   
Nil 1.913    1.90  
Post sowing  2.042 1.803 1.435  1.84 Furrows 
Pre sowing  1.943 1.93 2.215  2.07 
  Av herb rate 2.04 2.04 1.82 2.00   
lsd seeding ns      
lsd Herb timing ns      
lsd Herb rate ns      
ns Not significant p < 0.05. 
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Large plot testing of herbicide tolerance of new lupin lines 
Wayne Parker, Department of Agriculture, Western Australia 
Background 
A major focus of lupin plant breeding in recent years has been to select lines with improved metribuzin 
and anthracnose tolerance.  These are two of the main agronomic attributes required by growers in 
the major lupin growing areas of the northern agricultural region.  Regional testing of new lines against 
current varieties is carried out through plant breeding and Crop Variety Testing trial programs.  
However prior to release only a limited amount of large plot testing is conducted.  In 2004 seed of 
promising lines including WALAN 2196, 2173M and 2231 was collected from CVT trials.  This seed 
was used in 2005 to undertake additional herbicide tolerance trialling in large plots, prior to adequate 
pedigree seed becoming available.  Each of the numbered lines, included have been identified as 
potential releases in the coming years either due to excellent quality traits, 2173M or outstanding yield 
compared to current varieties..  Retaining seed from CVT trials increases agronomist and grower 
awareness of promising lines and adds to the information available prior to selection and release.  
Aim 
To compare the herbicide tolerance, yield potential and protein of promising stage 4 lupin lines, 
against current varieties, Mandelup and Tanjil at Mullewa and Eradu. 
Method 
Five lines/varieties were included; WALAN2173M, WALAN2196, WALAN2231, Mandelup and Tanjil.  
WALAN lines were included because they are the most likely narrow leaf lupin line to be release.  
Mandelup was included because it has good tolerance to metribuzin.  Tanjil was included because it is 
sensitive to metribuzin.  Herbicide treatments compared a three way mix of simazine, metribuzin and 
Brodal® against common herbicides used at each location.  Three replicates of each variety were 
sown in a randomised blocks.  The trial was a strip plot design with main plot variety and sub-plot 
herbicide treatment.  Plots were 5 x 20 m.  
The herbicide treatments at the Mullewa site, low rainfall with a heavier soil type, were as follows: 
• Herbicide treatment 1:  10 June 0.15 L/ha Brodal.  
• Herbicide treatment 2:  10 June 0.5 L/ha Simazine, 100 g/ha Lexone, 0.1 L/ha Brodal. 
The herbicide treatments at the Eradu site, medium rainfall on yellow sand, were as follows: 
• Herbicide treatment 1:  3 June 0.1 L/ha Brodal, 100 g/ha Lexone. 
• Herbicide treatment 2:  3 June 0.5 L/ha Simazine, 100 g/ha Lexone, 0.1 L/ha Brodal. 
Results 
Table 17. Yield at Mullewa and Eradu (t/ha) 
Mullewa Herbicide treatment 1 
Herbicide 





WALAN2231 1.32 1.56  1.56 1.34 
WALAN2196 1.17 1.52  1.59 1.64 
WALAN2173M 0.92 1.14  1.52 1.48 
Mandelup 0.96 1.29  1.55 1.50 
Tanjil 0.97 1.15  1.39 1.22 
Av herbicide 1.07 1.33  1.52 1.44 
lsd (p < 0.05)   lsd (p < 0.05)   
Variety 0.25  Variety NS  
Herbicide NS  Herbicide 0.15  
Variety x herbicide NS  Variety x herbicide NS  
ns Not significant. 
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Table 18. Grain protein of the Mullewa demonstration (%) 
Average protein (%) 
Mullewa 
Herbicide treatment 1 Herbicide treatment 2 
WALAN2231 29.1 30.2 
WALAN2196 30.8 31.2 
WALAN2173M 31.7 32.5 
Mandelup 29.9 30.7 
Tanjil 29.8 31.1 
lsd   
Variety 0.72  
Herbicide 0.48  
Variety x herbicide NS  
ns Not significant. 
Discussion 
All varieties at both sites suffered yield pressure from soil active herbicide damage after sowing.  The 
wet, warm soil conditions made for highly active simazine applied at 2 L/ha pre-sowing.  
At Mullewa WALAN2231 and WALAN2196 had significantly higher yield than Mandelup, Tanjil and 
2173M.  This concurs with previous CVT trial data which indicates WALAN2196 yields higher than 
current released varieties in low rainfall environments.  Protein of WALAN2173M was significantly 
greater than the other varieties in the trial.  Protein is a major reason for 2173M being considered for 
release despite it not being the highest yielding line.  Herbicide treatment had no significant effect on 
yield at Mullewa.  At Eradu, averaged across the varieties the three way mix significantly reduced 
yields.  At this site there was no significant difference in yield between the varieties/lines. 
Conclusion 
Varieties performed as expected.  Yield loss from Tanjil as a result of the three way mixture was lower 
than expected.  This may be a consequence of the long season and extended recovery period, many 
crops with extensive triazine damage recovered to yield well this year.  
 
Effects of seed source and simazine rate of seedling emergence and growth 
Peter White and Greg Shea, Department of Agriculture, Western Australia 
Background 
During 2005 several farmers reported problems with the establishment and early vigour of Mandelup 
lupin crops.  Mandelup is a newly released variety.  Growers purchased small amounts of seed 
(1-2 tonnes) in 2005.  Growers who reported problems were multiplying seed of Mandelup for next 
year’s (2006) production so small Mandelup crops were often located next to their standard lupin 
variety.  Stark comparisons could be made between the standard variety and Mandelup because 
management of the two crops were similar.  Some farmers reported that emergence of Mandelup was 
poor, plant density was low and seedlings showed symptoms like simazine toxicity. 
Several theories were offered as explanations for these observations.  Experiments described here 
were designed to test two of these hypotheses:  1) Mandelup is not more sensitive to simazine than 
other lupin varieties; and  2) extra handling reduced seedling vigour.  
Aim 
• Compare the sensitivity of Mandelup to simazine with other varieties that have poor (Danja) and 
good (Gungurru) tolerance. 
• Determine if extra handling of seed is related to the poor emergence and seedling vigour. 
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Method 
Two pot experiments were conducted in the glasshouse at the Department of Agriculture South Perth.  
The first experiment covered a wide range of simazine rates; the second experiment examined a 
narrower range of rates but a greater number of seed sources.  The first experiment was necessary 
because the critical concentration of simazine in the soil that would cause damage to lupins was not 
known for the methodology used in the experiments.  
Experiment 1 
Treatments consisted of 10 simazine rates (0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 1.28, 2.56, 5.12 µg 
simazine/g soil), three seed sources (Table 19) and two replications.  Pots contained 2.75 kg of sand 
and were sealed at the bottom to prevent drainage.  Full basal nutrients were applied (except N) and 
seeds inoculated with Group G, peat-based inoculum.  Simazine was applied as a suspension of 
Simagranz® (89.7% simazine).  Nutrients and simazine was mixed throughout the soil.  Ten seeds per 
pot were sown.  The water content of pots was maintained at field capacity by regularly watering to 
weight.  At 10 days after sowing, plants were thinned to four per pot by removing small or abnormal 
seedlings. 
Experiment 1 also included one other source of Mandelup seed and seed of Lupinus mutabilis.  To 
simplify reporting, the data from these seed sources are not included here.  Results from these 
sources were the same as those for Mandelup-ped. 
Experiment 2 
Treatments consisted of 5 simazine rates ((0.0, 0.15, 0.25, 0.35, 0.40 µg simazine/g soil), five seed 
sources (Table 19) and three replicates.  Experiment 2 occurred about 5 weeks after Experiment 1.  
Unlike Experiment 1, plants were not thinned so that all plants emerging were left to grow until 
harvest.  All other aspects of the experiment were the same as for Experiment 1. 
Table 19. Seed sources 
Name Description 
Experiment 1 
Danja Pedigree seed from Wongan Hills Research Station. 
Mandelup-ped Pedigree seed from Wongan Hills Research Station. 
Mandelup-BR1 Commercial seed sampled from a lot purchased by a farmer in Bruce Rock.  Treated with .25 g a.i Ipriodione/kg seed + 1 g a.i Thiram/kg seed. 
Experiment 2 
Danja Pedigree seed from Wongan Hills Research Station. 
Mandelup-ped Pedigree seed from Wongan Hills Research Station. 
Mandelup-BR1 Commercial seed sampled from a lot purchased by a farmer in Bruce Rock.  Treated with .25 g a.i Ipriodione/kg seed + 1 g a.i Thiram/kg seed. 
Mandelup-ABR Original source of the Mandelup-BR1 obtained from the seed grower before the seed had been cleaned, pickled and transported. 
Mandelup-HDS Commercial seed sampled from a lot purchased by a farmer in Borden.  Treated with .25 g a.i Ipriodione/kg seed + 1 g a.i Thiram/kg seed. 
Gungurru Trial seed harvested from a lupin historical trial at Wongan Hills. 
Note:  All seed sources came from crops sown in 2004. 
Results 
Experiment 1 
Fewer seedlings of Danja or Mandelup-BR1 emerged compared with Mandelup-ped (Figure 12).  On 
average, across all simazine rates, 7.2, 7.3 and 9.2 seedlings per pot emerged for Danja, Mandelup-
BR1 and Mandelup-ped respectively.  Simazine reduced the number of seedlings emerging (Table 20 
and Figure 12).  This was particularly noticeable for Danja and Mandelup-BR1.  However, results were 
variable and there was no interaction between seed source and simazine rate. 
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Simazine reduced the total dry weight of shoots of all seed sources (data not shown).  There was no 
difference between seed sources in their response to simazine.  The dry weight of shoots of seedlings 
started to decrease when rates above 0.08 ug simazine/g soil was applied.  Minimum dry weights 
occurred at rates higher than 0.32 ug simazine/g soil.  At these rates, most plants were dead at 
harvest. 
Table 20. Germination test result compared with the number of seedlings emerging from pots with the 
lowest and highest rate of simazine applied (Experiment 1) 
Seed source DAWA plant laboratory germination test Pots with 0.01 µg/g simazine Pots with 5.16 µg/g simazine
 % normal % abnormal % normal % abnormal % normal % abnormal 
Danja 66 34 65 10 65 35 
Mandelup-ped 73 27 75 15 65 20 
Mandelup-BR1 97 3 95 0 95 0 
lsd 5%  2.4 (% normal); 5.3 (% abnormal) 






















LSD 5%, 3.09; cv %, 9.9
 
Figure 12. Number of seedlings emerged six days after sowing (Experiment 1). 
Experiment 2 
Seed source had a large affect on the number of seedlings emerging (Table 21).  Mandelup-ped had 
the highest number of seedlings emerging and the lowest number of abnormal seedlings (Table 21).  
Danja and Mandelup-HDS had the lowest number of seedlings emerging.  Simazine did not affect the 
emergence of any seed source (data not shown). 
Both seed source and simazine application had a large effect on the total dry weight of shoots (Figure 
13).  Applying simazine at the highest rate reduced shoot weight to about one third of the weight of 
plants grown without simazine.  Mandelup-ped produced the highest dry weight of shoots; which was 
about three times higher than the dry weight of shoots of Danja which produced the lowest dry weight 
of shoots of all seed sources.  The response of Gungurru-ped to simazine was similar to the other 
Mandelup seed sources.  The dry weight of shoots of Mandelup-BR1 was lower than that of 
Mandelup- ABR at all simazine rates. 
Differences between seed sources were smaller when dry weight of shoots was corrected for the 
different number of plants in each pot (total dry weight of shoots divided by number of plants per pot), 
but the pattern of response remained the same.  These data are not presented. 
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Table 21. Number of seedlings emerged seven days after sowing (Experiment 2) 
Simazine rate (µg/g soil) 
Seed source 
0.00 0.15 0.25 0.35 0.40 
Mandelup-HDS 7.7 7.0 4.3 4.0 4.3 
Danja 5.3 4.7 5.0 5.7 5.3 
Gungurru 8.7 8.0 9.0 10.0 8.7 
Mandelup-ped 9.7 9.7 9.3 9.3 9.3 
Mandelup-BR1 7.7 6.0 7.7 8.0 7.0 
Mandelup-ABR 9.0 8.7 9.3 9.3 8.7 




























LSD 5%, 0.27; cv%, 6.4
 
Figure 13. Dry weight of shoots of plants harvested 25 days after sowing (Experiment 2). 
Discussion 
Mandelup was tested against a range of herbicides, including simazine, during its development.  
Problems with herbicide susceptibility, compared with other varieties currently grown, were not 
observed.  Results from this pot experiment confirm that Mandelup is not unduly sensitive to simazine.  
Indeed, the data suggest that its level of tolerance to simazine is similar to Gungurru, a variety that 
has reputed high tolerance to simazine. 
Comparing Mandelup-ABR with Mandelup-BR1 may indicate the effect of extra handling on lupin seed 
because these are the same seed source but sampled from different points in the supply chain.  The 
lower dry weights of Mandelup-BR1 were a result of fewer seedlings emerging and lower vigour of 
some seedlings.  The lower vigour was indicated by a lower weight per seedling of Mandelup-BR1 
compared with Mandelup-ABR.  Removing poor seedlings from the pots produced the same dry 
weight for Mandelup-BR1 as for Mandelup-ped in Experiment 1. 
There is some indication that simazine application may further reduce the number of seedlings 
emerging in seed sources that already have low germination percentages.  However, results from 
these experiments are variable and it is difficult to draw firm conclusions.  It is clear however, that 
using high quality seed that has a high germination percentage is the best way of ensuring a dense 
vigorous lupin crop that then has potential for high yield. 
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The effect of lupin row spacing and seeding rate on a following wheat crop 
Martin Harries, Jo Walker and Dirranie Kirby, Department of Agriculture, Western Australia 
Background 
There has been considerable interest in row cropping of lupins over the past three to four years.  
Extensive trials have determined that lupins are well suited to being grown on 50 cm wide row 
spacings, or wider in some situations, without causing yield reductions.  Increases in pod height with 
wider rows (when sown at the same seed rate per hectare) have been documented from trials and 
observed in grower’s paddocks.  In lower rainfall situations pod height is a major factor in determining 
harvest efficiency.  Improved drought tolerance in rows of 50 cm has been recorded compared to 
25 cm rows.  It has been shown that plants in the wider rows continue to fill seed for a week to ten 
days after those in narrow rows.  These advantages along with the ease of seeding (less tynes in the 
ground) and some possibilities of alternative weed management in wide rows make wide rows an 
attractive option.  However, the effect of using wide rows on the following wheat crop has not been 
investigated. 
Method 
To gain data on the effect of lupin row spacing on the following wheat yield two lupin experiments 
conducted in 2004 which had differing row spacings as treatments were sown to wheat in 2005.  
Experiment one included lupins sown in 2004 at three row spacings (25, 50 and 100 cm) factorially 
with three seeding rates (50, 100 and 150 kg/ha).  Six replicates were sown in randomised bocks at 
Mullewa Research Annex into a red sandy loam.  Lupin yields ranged from 0.9 to 1.3 t/ha.  Experiment 
two included lupins sown in 2004 at three row spacings (25, 50 and 75 cm); two diammonium 
phosphate rates (60 and 120 kg/ha); and two diammonium phosphate placements at seeding (banded 
below seed or topdressed).  The trial was seeded into yellow sandplain soil pH 4.1 at the Northern 
Sandplain Annex, Eradu. Lupin yields in 2004 ranged from 2.10 to 2.46 t/ha. 
Results 
Wheat yield and quality were not significantly affected by lupin treatments, row spacing or seeding 
rate, of experiment one from the preceding year (Table 22).  Yield and quality characteristics apart 
from grain protein were unaffected by the previous lupin treatments in experiment two (Table 23).  
Grain protein was reduced as row spacing increased at the Eradu site.  Averaged across row spacings 
25, 50 and 75 cm treatments produced 12.26, 12.15 and 12.09 per cent grain protein respectively.  
The 50 and 75 cm treatments were significantly lower in grain protein than 25 cm (p < 0.05). 
Conclusion 
Wide row spaced lupins resulted in no yield loss from wheat the following year.  Most grain quality 
traits were also unresponsive to lupin row spacing.  The fact that at one trial wheat grain protein 
decreased as lupin row spacing increased does indicate that wheat yield and quality should be 
monitored.  Similar trials are planned for 2006 and the Farming System project has implemented large 
scale rotational trials which include wide and narrow lupin row spacings to do this. 




(kg/ha) Screenings Staining (%)
Hectolitre 
weight Protein (%) Yield (t/ha) 
25 50 13.9 9 82.40 12.58 2.48 
25 100 12.5 11 81.26 12.90 2.48 
25 150 12.6 10 81.59 13.03 2.52 
50 50 10.3 11 81.85 12.75 2.53 
50 100 13.9 10 82.48 12.65 2.56 
50 150 12.4 10 81.96 12.55 2.59 
100 50 12.6 12 82.47 12.82 2.58 
100 100 13.3 11 81.82 12.60 2.59 
100 150 10.5 7 81.42 12.70 2.58 
lsd row ns ns ns ns ns 
lsd rate ns ns ns ns ns 
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kg/ha Screenings Staining 
Hectolitre 
weight Protein (%) Yield (t/ha) 
25 Banded 60 1.9 19 83.2 12.23 3.755 
25 Banded 120 1.9 21 83.0 12.28 3.928 
25 Dressed 60 1.8 19 82.8 12.18 3.987 
25 Dressed 120 2.0 22 82.9 12.35 3.878 
50 Banded 60 1.9 23 82.6 12.20 3.765 
50 Banded 120 1.8 24 83.2 12.15 3.78 
50 Dressed 60 1.8 18 83.1 12.10 4.012 
50 Dressed 120 1.9 21 83.3 12.15 3.828 
75 banded 60 2.2 23 83.6 12.00 3.873 
75 banded 120 1.6 18 82.7 12.08 3.998 
75 dressed 60 1.9 19 83.0 12.24 3.776 
75 dressed 120 1.7 22 83.8 12.02 3.942 
lsd row spacing ns ns ns (s) 0.1049 ns 
lsd fert. placement ns ns ns ns ns 
lsd fert. level ns ns ns ns ns 
s p < 0.05, = ns not significant. 
 
Response of the crop lupin species to row spacing 
Leigh Smith1, Kedar Adhikari1, Jon Clements2 and Patrizia Guantini3 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia  
3University of Florence, Italy 
Background 
Wider row spacings for lupins have been increasingly trialled by growers in the popular lupin growing 
regions of Western Australia.  Farmers have used 50 cm spacings compared with the traditional 
20 cm, although wider rows have also been tried.  The agronomic benefits of wider rows include better 
stubble handling, better facilitation of weed control, higher harvest index and lower yield variability 
during poor seasons (French 2005).  Previous work has mainly been with narrow leafed lupin 
(L. angustifolius) and little information is available about the other crop lupin species:  albus, yellow 
(L. luteus) and pearl (L. mutabilis) lupins.  Some row spacing and planting density work has been done 
in Europe for L. albus (e.g. Shield et al. 2002) and some planting density work was also done in 
Europe for L. mutabilis (Hardy et al. 1997).  In trials at several sites in Western Australia narrow leafed 
lupin dry matter production was generally highest at conventional narrow row spacings but harvest 
index increased at wider row spacings.  Yield, however, responded to row spacings in a variable way 
depending on environment, although there appeared to be an advantage of wider rows at lower rainfall 
sites.  Narrow spacings result in higher water use earlier in the season compared with wide spacings 
and therefore wider rows provide more available water for the critical pod filling stage in lower rainfall 
environments (French 2005).  There is probably a more efficient use of water within and close to the 
row.  The additional water comes from between the rows during pod filling (Parker et al. 2005).  Wide 
rows were not recommended for late sowing times (French 2005) or for cooler, higher rainfall southern 
sites (Parker et al. 2005).  Seeding rates of 100 kg/ha have been recommended for wide rows, as the 
higher rate provides a buffer in the case of poor establishment (Harries et al. 2005). 
Aim 
• To examine the effect of wider rows on growth and yield of the three crop species of lupins 
(narrow leafed, yellow and albus lupin) and on pearl lupin, a potentially new high value crop 
legume species. 
• To investigate the distribution of yield on branch orders of the plant as affected by row spacing. 
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Method 
Treatments consisted of four species, including three yellow lupin lines, two row spacings (20 cm and 
60 cm) and three replicates in a split plot design with row spacings as main plots and lines as 
subplots.  The species and lines are shown in Table 24.  The experiment was conducted at the 
Department of Agriculture, Western Australia, South Perth field plots on a grey Tuart sandy soil.  Seed 
was sown on 11 May 2005.  Plots consisted of 3 rows either 60 cm apart (wide rows) or 20 cm apart 
(narrow rows) and 1.5 m long.  Measurements during growth and at harvest were taken on the middle 
row excluding the end plants.  For biomass and yield data results were expressed on a per square 
metre basis.  Weeds were controlled with Roundup @ 1 mL/L.  Plots were fertilised to adequate levels 
with superphosphate and trace elements.  Fungal diseases (anthracnose and botrytis) were controlled 
with a total of 6 applications of 1 mL/L Bravo and one application of Mancozeb @ 1 mL/L.  Insect were 
controlled by one application of Dominex @ 1 mL/L along with a barrier of snail pellets around the trial 
area.  Flowering times were recorded during the growing season and plots were monitored for fungal 
diseases and pests.  
Results 
Seasonal rainfall (May-Oct.) at South Perth was 696 mm (supplementary irrigation was provided 
during the growing season when rainfall was inadequate).  The lines used varied in flowering time with 
P26961 (L. mutabilis), 99D001-21 (L. luteus) and Mandelup (L. angustifolius) flowering in the early 
range (70-76 days after sowing) and Acos flowering late (Table 24).  Pootallong and Andromeda were 
early to intermediate in flowering time.  There was no influence of row spacing on flowering time.  
Wide rows (60 cm) produced plants that were on average 9 cm taller than narrow rows (20 cm).  
Table 24. Species and lines with their flowering times  
Species Line Days to flowering 
L. angustifolius Mandelup 76 
L. albus Andromeda 85 
L. mutabilis P26961 70 
L. luteus Acos 112 
 Pootallong 84 
 99D001-21 73 
lsd (p < 0.05)  0.6 
Narrow rows produced higher biomass on a square metre basis for all lines except Andromeda.  The 
narrow row spacing produced generally higher total seed yields for Pootallong (L. luteus) and P26961 
(L. mutabilis) (Figure 14).  Andromeda produced slightly (although not significantly) more seed yield 



























Figure 14. Total seed yield (on a per m2 basis) of lines from four lupin species for narrow and wide rows.  
lsd (p < 0.05) = 118. 
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Different lines had different yield distribution patterns over branch orders but these patterns were 
generally preserved across both row spacing treatments (Figure 15a,b).  The main stem (MS) clearly 
dominated seed yield for, Pootallong, P26961 and Acos and was slightly dominant for Andromeda.  
For 99D001-21 and Mandelup the largest proportion of yield came from the 1st order lateral branches 
(1st OL) in both 20 cm and 60 cm row spacings.  Wider rows increased the proportion of MS yield in, 
Pootallong, Acos and 99D001-21.  Basal branches produce some yield in Pootalong, P26961 and 
Acos with a very small amount in Mandelup.  Narrower rows tended to increase the yield from basals 
in these lines. 















































Figure 15. Seed yield distribution across branch orders (MS = main stem, 1st OL, 2nd OL, 3rd OL, 4th 
OL = 1st, 2nd, 3rd, and 4th order lateral branch respectively, BasalM = basal main branch, 
Basal1st = basal 1st order lateral arising from basal main branch) for a) 20 cm row spacing and 
b) 60 cm row spacing.  lsd (p < 0.05) = 25. 
Discussion 
There was no influence of row spacing on time to flowering in any of the lines but plant height at 
harvest was increased in wider rows.  Lines demonstrated a range of flowering times and among the 
three L. luteus genotypes, Pootallong which was intermediate flowering (84 days after sowing) 
outyielded the early and late L. luteus lines particularly at the narrow row spacing.  The range in 
flowering times confirmed the existence of early flowering genotypes within L. mutabilis and L. luteus 
breeding material, a necessity for Western Australian breeding programs.  Wide rows (60 cm)  
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produced plants that were on average 9 cm taller than narrow rows (20 cm).  Wider rows had higher 
within row plant density and this etiolates the plant as it competes for light with its neighbours.  This 
result is consistent with previous work where higher plant density generally increased height (Bowden 
and Scanlan 2005).  The greatest effect of row spacing on plant height in the current experiment was 
on Andromeda (L. albus), the genotype with the largest seed size in the experiment) which was 19 cm 
taller in wide rows compared to narrow rows. 
The current experiment was conducted at a site with a relatively high rainfall, conditions for which 
previous research has indicated that wide rows are not likely to produce yield advantages (Parker 
et al. 2005).  Narrow rows produced higher biomass on a square meter basis for all lines except 
Andromeda.  Mandelup (L. angustifolius) produced slightly (though not significantly) higher yield from 
narrow than wide rows.  Bowden et al. (2005) found that over several fertiliser regimes and in-row 
plant densities, L. angustifolius (cv. Kalya) had about 20 per cent higher yield in narrow row spacings 
compared to wide rows.  The narrow row spacing did however produce significantly higher total seed 
yields for P26961 (L. mutabilis), and Pootallong (L. luteus).  There were slightly higher (although not 
significantly higher) yields in narrow rows for all other lines except for Andromeda where wider rows 
produced slightly (although not significantly) more seed yield.  Trials in north-west Europe for autumn-
sown L. albus have shown there to be little yield advantage or even lower yields from wide rows 
(> 40 cm) compared with narrow rows (Shield et al. 2002). 
P26961, whose yield was dominated by the main stem, did rely more than any other line on yield from 
virtually all other branch orders including some from 4th OLs.  In the case of L. angustifolius, the 2nd OL 
was still significant for yield.  Mandelup derived 97 per cent of its yield from the MS, 1st OL and 2nd OL 
branches and was therefore another line along with P26961 for which higher branch orders 
contributed to yield. 
The yield distribution patterns across branch orders were generally preserved across both row spacing 
treatments for each line.  The most notable influence of row spacing treatment on yield distribution 
across branch orders was for Andromeda, Pootallong and 99D001-21(L. luteus) where wider rows 
increased the proportion of MS yield.  Narrower rows tended to increase the yield from basal branches 
(BasalM, Basal1st in Figure 15a), in Pootalong, P26961, Acos (L. luteus) and Mandelup.  Main stem 
yield dominated for both row spacing treatments in the late flowering yellow lupin line Acos as is 
expected, with only a small component coming from laterals and basals which flowered under 
conditions of increasing water deficit.  Yield in the early flowering L. luteus line 99D001-21 was 
completely dominated by the MS and 1st OL where 97 per cent of its yield was derived from those two 
branch orders. 
The results indicate that for an environment that was not water limited, wider rows did not provide a 
yield advantage for either of four lupin species.  It was demonstrated that significantly higher yields 
could be obtained for some species such as L. luteus (Pootalong) and L. mutabilis (P26961) from 
narrow rows. 
Further investigation would be warranted to verify these results under normal regional conditions and 
practices. 
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Response of Lupinus mutabilis to lime application and over-watering 
Peter White, Leigh Smith and Mark Sweetingham, Department of Agriculture, Western Australia 
Background 
Pearl lupin (Lupinus mutabalis) produces grain with high oil and protein contents.  If suitable varieties 
can be developed, pearl lupin is potentially a very high value industry for Western Australia.  A small 
breeding project, funded by GRDC over the past three years has screened several genotypes to 
improve information on the adaptation of pearl lupins in WA.  The small pot experiment describe here 
was designed to determine the sensitivity of pearl lupin to Fe-chlorosis.  Previous research with 
narrow-leaf lupins has shown that Fe-chlorosis can be induced by adding lime to the soil and watering 
above field capacity (White and Robson 1989).  Sensitivity to Fe-chlorosis indicates poor adaptation of 
narrow leaf lupins to fine textured, alkaline soils in WA (White 1990). 
Aim 
• Determine the sensitivity to Fe chlorosis of an array of Lupinus mutabilis genotypes. 
• Calibrate the sensitivity of Lupinus mutabilis to Fe chlorosis relative to other lupin species. 
Method 
Treatments consisted of five species, including six pearl lupin genotypes, three soil treatments and 
three replicates.  The species and lines are shown in Table 25.  Soil treatments were:  unamended – 
no lime added to the soil and pots watered to field capacity; limed – 5.1 g CaCO3 per kg soil added 
and pots watered to field capacity; limed and saturated – 5.1 g CaCO3 per kg soil added and pots 
watered to about 130 per cent of field capacity.  Full basal nutrients (except Fe and N) were added to 
all pots.  Nutrients and lime were mixed throughout the soil.  Seeds were inoculated with Group G, 
peat-based inoculum.  Pots were watered to field capacity (unamended or limed treatments) or above 
field capacity (limed and saturated) by watering pots to weight. 
The young leaves of plants were rated for symptoms of Fe-chlorosis at three weeks after sowing using 
the following scale:  1 = green; 2 = light green; 3 = distinct inter-veinal yellowing; 4 = whole leaf bright 
yellow; 5 = necrosis.  Whole tops were harvested five weeks after sowing, oven dried and weighed. 
Table 25. Fe-chlorosis scores of the young leaves of plants 21 days after sowing 
Species Unamended Limed Limed and saturated 
L. albus (cv. Andromeda) 1.0 2.3 3.3 
L. angustifolius (cv. Mandelup) 1.0 1.0 1.7 
L. lutues (cv. Pootallong) 1.0 1.0 3.7 
L. pilosus (99P002-10) 1.0 1.0 2.0 
L. mutabilis (JC243) 1.0 2.0 3.7 
L. mutabilis (P26961) 1.0 1.0 2.0 
L. mutabilis (P27033) 1.0 1.0 3.3 
L. mutabilis (P27808) 1.0 1.0 2.7 
L. mutabilis (P28029) 1.3 1.0 3.3 
L. mutabilis (P28725) 1.0 1.7 4.7 
lsd (p < 0.05) 0.807 
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Results 
Applying lime to the soil and watering above field capacity induced symptoms of Fe-chlorosis in all 
plants.  Applying lime and watering to field capacity induced symptoms in only L. albus, L. mutabilis 
(JC243) and L. mutabilis (P28725).  Symptoms were not seen on plants grown on the unamended 
soil, except for L. mutabilis (P28029) which showed slight yellowing in one replicated.  Plants in this 
replicate recovered after one week and symptoms were probably not related to Fe-chlorosis. 
There was a large difference in the severity of Fe-chlorosis symptoms between the lines of 
L. mutabilis.  The lines P28725 and JC243 showed the most severe symptoms while the line P26961 
showed the least severe symptoms.  Symptoms in P26961 were similar to that of L. pilosus and 
L. angustifolius. 
There was variability in the severity of symptoms amongst plants within the same pot (data not 
shown).  Some plants showed moderate symptoms while others in the same pot were only slightly 
affected.  Only average scores for the pot as a whole are given here.  Variation amongst plants in the 
same pot was lower in pots where plants showed severe chlorosis. 
Soil treatment did not affect the dry weight of shoots.  The soil treatment was confounded with water 
availability to plants.  Air temperatures were high for some days during the experiment and plants in 
the pots watered to field capacity slightly wilted during these days.  Plants in pots watered above field 
capacity did not wilt at any time during the experiment. 
Table 26. Dry weight of shoots of plants thirty days after sowing 
Species Unamended Limed Limed and saturated 
L. albus (cv. Andromeda) 2.8 2.4 2.2 
L. angustifolius (cv. Mandelup) 1.3 1.1 1.2 
L. lutues (cv. Pootallong) 1.8 1.6 1.8 
L .pilosus (99P002-10) 1.6 2.0 1.6 
L. mutabilis (JC243) 2.1 2.2 2.6 
L. mutabilis (P26961) 2.0 2.2 2.3 
L. mutabilis (P27033) 2.3 2.6 2.5 
L. mutabilis (P27808) 1.9 2.4 2.6 
L. mutabilis (P28029) 2.2 2.1 2.8 
L. mutabilis (P28725) 1.6 1.6 1.7 
lsd (p < 0.05) 0.495 
Discussion 
Pearl lupins are generally cultivated on neutral to acid (pH 5-7), well drained soils (Mujica (1994).  
Observations of the germplasm, however, show that the species displays wide genetic diversity. ‘with 
great variability in its architecture, adaptation to soils, precipitation, temperature and altitude’ (Mujica 
(1994).  This experiment supports this conclusion in relation to Fe chlorosis.  
Narrow leafed lupins showed some of the least severe symptoms of Fe-chlorosis in this experiment.  
Symptoms were similar to that of L. pilosus.  Other research has shown that L. pilosus is more tolerant 
of limed soils than L. angustifolius (Tang and Turner (1999).  The similarity between L. pilosus and 
L. angustifolius observed in this experiment may be due to the method use to measure effects of the 
soil treatment and the confounding effect of water availability with soil treatment.  Effect of soil 
treatment was determined by the simple measure of scoring leaf symptoms.  Symptoms on the very 
narrow leaves of L. angustifolius were difficult to compare with broad leaves of the other species. 
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Impact of anthracnose on yield of andromeda lupins 
Geoff Thomas, Kedar Adhikari and Katie Bell, Department of Agriculture, Western Australia 
Key messages 
• Andromeda is the new albus lupin variety released in 2005. 
• Andromeda is recommended for medium-low rainfall areas with moderate anthracnose risk, it is 
not recommended for high rainfall areas with high anthracnose risk. 
• Andromeda is significantly more resistant to anthracnose than Kiev Mutant, yield loss from 
anthracnose infection is lower in Andromeda than in Kiev Mutant. 
• Andromeda can suffer yield loss from anthracnose infection.  The risk of yield loss is greater in 
higher rainfall areas and with early infection (e.g. seed infection). 
• Anthracnose infected Andromeda crops will produce infected seed, seed testing prior to sowing 
is recommended, particularly in areas of known anthracnose risk. 
Aim 
To assess the impact of anthracnose on yield of Andromeda compared to Kiev Mutant in the medium 
rainfall zone 
Background 
Anthracnose has caused a major reduction in albus lupin production since its incursion, primarily 
because of the extreme susceptibility of the only commercially suitable variety Kiev Mutant.  A key 
objective of the lupin breeding project has been to produce new anthracnose resistant lines.  The 
variety Andromeda has shown significantly improved anthracnose resistance over Kiev Mutant in 
intensive screening trials.  Andromeda was commercially released in 2005.  
Method 
A trial site was established at ‘Eragulla Farms’ at Mingenew.  The site is in a medium rainfall zone 
(average growing season rainfall ~ 340 mm) with moderate anthracnose risk.  
Three albus lupin lines (Andromeda, Kiev Mutant and WALAB2008) and three narrow-leafed lupin 
varieties (Tanjil, Mandelup and Belara) were tested.  The trial was laid out in a split plot design with 
4 replicates, main plots were disease levels (anthracnose inoculated or multiple fungicide sprays) and 
subplots were varieties. 
In the inoculated block, anthracnose infection was introduced two weeks after sowing as transplanted 
infected seedlings.  Three infected seedlings were transplanted into each plot to achieve a level of 
infection equivalent to at least 0.25 per cent seed infection (expected to cause around 50% yield loss 
in Kiev Mutant in this environment). 
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In the nil infection treatment, no transplants were added and Bravo fungicide (1.5 L/ha) was sprayed 
every three weeks after emergence to prevent any infection.  No disease was apparent in these plots.  
Results  
The trial was sown into a slightly drying soil profile (10 May).  Emergence of all varieties but 
particularly of L. albus varieties was lower than aimed for.  This was a result of marginally deeper than 
optimum sowing and a hard setting surface which reduced the ability of plants to break through the 
soil crust.  
Infected seedlings were transplanted on the 24 May, significant rain soon after transplanting created 
ideal conditions for early disease spread.  Dry mid-season conditions slowed disease progress, 
however good rainfall at the end of the season ensured significant disease spread, particularly in Kiev 
Mutant. 
Ten weeks after introduction of infection, significant differences in the number of infected plants 
existed between Kiev Mutant and other lines.  About 25 per cent infection was evident in Kiev Mutant 
plants, compared to 2-3 per cent in Andromeda and Belara, approximately 1 per cent in WALAB2008 
and Mandelup and none in Tanjil (Table 27).  
At leaf drop, Kiev Mutant had significantly higher incidence of stem and pod infection with almost 
100 per cent of plants having lesions on either stem or branches.  Incidence of stem infection was 
lowest in Tanjil (8%) and similar in the other lines (26-38%).  Tanjil and Mandelup had significantly 
less infected pods than the albus lupin lines.  Pod infection in Belara was not significantly different 
from Andromeda or WALAB2008. 
In uninfected, fungicide protected plots; Andromeda yield was similar to Kiev Mutant.  Mandelup was the 
highest yielding line (Figure 16 
Figure 16).  All narrow leafed lupin varieties yielded higher than any L. albus line, with WALAB2008 
the lowest yielding line.  
Anthracnose infection reduced yield in all varieties, Tanjil was least affected at 4 per cent and Kiev 
Mutant most affected at 61 per cent.  Yield losses in other lines, including Andromeda, were 13-17 per 
cent. 
Infection in harvested seed of Kiev Mutant was more than seven times greater than in any other line.  
Andromeda had significantly less seed infection than Kiev Mutant but significantly more (0.8%) than 
other lines.  Mandelup, Belara and WALAB2008 had similar levels (0.1-0.3%).  No infected seed was 
recorded in harvested seed of Tanjil.  
Table 27. Incidence and severity of anthracnose infection on stems and pods in a range of albus and 
narrow leafed lupin varieties inoculated with anthracnose infected transplants (equivalent 
0.25 per cent infection) at Eragulla Farm, Mingenew in 2005 
% plants 
infected 
% plants with 
main stem 
lesions 
% plants with 
main stem or 
branch lesions 




19 July 15 October 15 October 15 October  
Andromeda 2.7 18.0 38  9.4 (15.1) 0.8 
WALAB2008 1.0 12.2 26  6.4 (14.4) 0.3 
Kiev Mutant 26.6 72.0 98  38.8  (38.5) 6.0 
Belara 3.0 19.0 37  2.7 (9.3) 0.4 
Mandelup 0.6 13.0 34  0.8 (4.8) 0.1 
Tanjil 0.02 6.0 8  1.0 (4.5) 0.0 
P 0.003 < 0.001 < 0.001 (< .001) 0.005B 
lsd 1.5 14.5 23 (8.4) 0.4B 
A Data in parentheses angular transformed, Statistical analysis carried out on transformed data. 
B Kiev Mutant not included in AOV. 
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Figure 16. Impact of introduced anthracnose infection (equivalent 0.25% infection) on yield of a range of 
albus and narrow leafed lupin varieties at Eragulla Farms, Mingenew in 2005. 
Discussion 
Kiev Mutant is extremely susceptible to anthracnose and can suffer large yield losses as a result of 
infection under most environmental conditions.  Andromeda has significantly greater resistance to 
anthracnose than Kiev Mutant resulting in reduced yield loss in the presence of anthracnose infection.  
Despite having greater resistance than Kiev Mutant, Andromeda is still prone to yield loss as a result 
of anthracnose infection, particularly in high rainfall zones and when infection is introduced as infected 
seed.  Yield loss in Andromeda at this medium rainfall site was 17 per cent, compared to ~ 30 per cent 
in a similar trial at the high rainfall Woorree site in 2004. 
Anthracnose infected Andromeda crops can produce infected seed which will cause yield losses if 
sown.  It is important that seed is tested and clean seed is used for sowing, particularly seed from 
known anthracnose risk areas.  The advanced line WALAB2008 has slightly improved resistance over 
Andromeda and may provide a more suitable option for higher anthracnose risk environments. 
Andromeda is recommended for areas of low-moderate anthracnose risk, where its disease resistance 
is adequate to limit yield loss.  The level of resistance in Andromeda is not great enough for high 
rainfall high disease risk regions.  
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Survey of lupin root health (in major production areas) 
Geoff Thomas, Ken Adcock, Katie Bell, Ciara Beard and Anne Smith, Department of Agriculture, 
Western Australia 
Key messages 
• Over 2 seasons (2004 and 2005), 120 lupin paddocks were sampled for root rot. 
• Over, 95 per cent of sites had root rot, at least 60 per cent of paddocks had more than 5 per 
cent of plants affected by root rot but only 10 per cent had more than 20 per cent of plants 
affected by root rot. 
• Hypocotyl rot occurred in 65 per cent of paddocks but less than 10 per cent of sites had more 
than 10 per cent hypocotyl rot incidence. 
• Both Rhizoctonia solani and Pleiochaeta setosa were commonly isolated from infected roots, 
with Fusarium sp. and Pythium sp. occasionally isolated. 
• Average plant density (49 plants/m2) and seeding depth (~ 3 cm) are suitable to address risks 
associated with seedling losses due to root and hypocotyl rot. 
Aim 
To determine the extent, severity and nature of fungi causing root and hypocotyl rots of lupins 
throughout lupin growing regions and also to determine factors which influence their occurrence. 
Background 
No field research on root diseases of lupins has been carried out in the last 10 years; however root 
diseases remain a limiting factor to lupin production.  Root disease surveys have been carried out 
previously, Sweetingham 1983-1986, MacLeod 1990 (northern wheatbelt).  Crop rotations and crop 
establishment methods have evolved since these surveys.  This survey provides information on the 
importance and identification of fungal root diseases and highlights areas that need further tactical and 
strategic research. 
Method 
Target age of plants was 3-6 weeks after sowing.  To achieve this, sampling was conducted in May 
and June of 2004 and 2005.  Sampling was primarily focused in the Northern Agricultural region, 
71 lupin paddocks were sampled from the area bounded by Binnu, Regans Ford, Kalannie and 
Mullewa in 2004.  In 2005, 49 lupin paddocks were samples in an area ranging from Northampton to 
Regans Ford, east to Wongan Hills and Mullewa.  A total of 120 paddocks were sampled over the two 
year period. 
At each Site 120 plants were removed from an area of approximately one hectare within a paddock.  
Plants were removed at 20 m intervals along 150 m sides of a triangle.  Approximately five individual 
plants were randomly sampled at each stop to try to best represent the variation within the crop.  Soil 
samples were collected from each site for assessment of pleiochaeta spore concentration.  All plants 
were examined for the presence and severity of root and hypocotyl damage.  A sub-sample of plants 
exhibiting root damage was examined in the laboratory for the presence of common root pathogens of 
lupins.  Assessments of plant density, seeding depth and leaf disease were carried out for each site. 
Results 
Some level of root rot was detected in 95 per cent of paddocks tested with the incidence of infection 
being similar in both years.  Approximately 60 per cent of sites had between 1 and 10 per cent 
incidence of root rot (Table 28).  Both Rhizoctonia solani and Pleiochaeta setosa were commonly 
isolated from infected roots.  In many cases root symptoms were not totally consistent with 
Pleiochaeta root rot and the Pleiochaeta setosa isolated may have been secondary infection of 
previous root damage caused by other pathogens or physical damage.  Other fungi such as Pythium 
spp. and Rhizoctonia spp. were also occasionally isolated from root lesions.  The growth stage at time 
of sampling was mostly too early to detect Eradu patch, however root lesion symptoms from sites at 
Wongan Hills and Moora were consistent with Eradu patch infection.   
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In the majority of paddocks sampled, lupins were part of an ongoing rotation, most often with lupin 
crops being sown with 1-2 year breaks.  A few sites sampled contained the first lupin crop sown to that 
paddock.  Even at these sites root and/or hypocotyl rot was detected, however Pleiochaeta setosa 
was not isolated from infected roots.  At one of these sites, on lupins following legume based pasture, 
hypocotyl rot occurred in almost 10 per cent of plants. 
Pectic zymogram assessment was carried out on a sub-set of the collection of Rhizoctonia isolates 
from roots and hypocotyls.  The zymograms show that the ZG3 strain caused most of the hypocotyl 
rot.  Both the bare patch strain (AG8, ZG1) and the hypocotyl strain (ZG3) were isolated from root rot 
lesions.  Additionally, the ZG4 and ZG6 strains were also occasionally isolated from root lesions. 
Hypocotyl rot was not as common as root rot; it was detected at 65 per cent of sites.  Approximately 
50 per cent of sites had between 1 and 5 per cent of plants infected.  Lesion severity on infected 
plants was similar in both years, scoring 2.3-2.5 (0-5 scale where 5 = plant death).  Hypocotyl rot was 
predominantly caused by Rhizoctonia (mainly ZG3), occasionally Pleiochaeta setosa was isolated 
from hypocotyl lesions, particularly from sites with high soil spore concentrations.  At several sites 
where hypocotyl rot was higher than average, lupins were sown into paddocks that had contained 
legume based pasture (e.g. Serradella) in the previous 3-4 years.  In at least one case, lupins sown 
into a paddock that had no previous lupin history, but a long pasture history, had almost 10 per cent 
hypocotyl rot.  
Sowing depth varied between sites.  Generally sowing depth was consistent within a site but there 
were a number of sites where poor control of sowing depth was evident.  Average depth of sowing 
across both years was 3.0-2.3 cm with ~ 90 per cent of sites having a median sowing depth less than 
5 cm.  
Seedling establishment varied greatly between sites and often between sampling stops within a 
paddock.  The plant establishment results given are indicative of the small sample area from within a 
total paddock, although care was taken not to specifically choose abnormal areas within the paddock 
for sampling.  In both seasons, 45 per cent of sites had between 40-60 plants/m2 and average plant 
density was approximately 50 plants/m2, with counts varying from 17 to more than 100 plants/m2.  In 
replies from survey participants to a follow up questionnaire, target seeding rates varied between 
65-120 kg/ha with most common rates being 90-100 kg/ha. 
The incidence of brown spot was generally very low at most sites sampled, however about 5 per cent 
of sites had significant levels of brown spot infection, usually relating to either a high spore 
concentration in the soil, or to sowing consecutive lupin crops.  During both years, low levels (< 10% 
incidence) of herbicide damage (simazine/atrazine) causing leaf scorching were evident at about half 
of the sites.  
General summary results (averaged across all sites): 
Table 28. Percentage incidence of root and hypocotyl rot in 120 paddocks (71 in 2004 plus 49 in 2005) 
sampled over two years 
Root rot incidence (%) Hypocotyl rot incidence (%) 
Infection incidence 
2004 2005 2004 2005 
Not detected 2 4 34 35 
  0-1% plants  2 8 14 12 
  1-5% plants  17 24 35 35 
  5-10% plants 31 34 5 12 
10-20% plants 34 24 10 4 
> 20% plants  14 6 2 2 
Median of all sites 9.6 6.7 1.5 2.7 
Range of all sites 0-40.9 0-23.5 0-21.9 0-25.6 
Average severity score  
(0-5 scale) 2.9 2.6 2.3 2.5 
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Table 29. Average sowing depth ranges in 120 paddocks (71 in 2004 plus 49 in 2005) sampled over two 
years 
Sowing depth 0-2.5 cm 2.5-5 cm 5-7.5 cm > 7.5 cm 
% of crops 2004 44% 43% 10% 3% 
% of crops 2005 39% 57% 4% - 
2004 (average = 3.3 cm, Minimum = 1.4 cm, maximum = 7.5 cm): 
2005 (average = 3.0 cm, Minimum = 0.8 cm, maximum = 5.7 cm): 
Table 30. Average plant density in 120 paddocks (71 in 2004 plus 49 in 2005) sampled over two years 
Plant density 0-30 pl/m2 30-40 pl/m2 40-50 pl/m2 50-60 pl/m2 60-70 pl/m2 > 70 pl/m2 
% of crops 2004 9% 18% 24% 21% 13% 15% 
% of crops 2005 11% 21% 26% 19% 9% 14% 
2004 (average = 50.4 plants/m2, minimum = 21.3, maximum = 83.0): 
2005 (average = 49.5 plants/m2, minimum = 17.2, maximum = 105). 
Conclusion 
• Incidence of root and hypocotyl disease and observations on crop establishment were similar 
over the two years of the survey.  Over 95 per cent of paddocks surveyed had some level of 
root rot with approximately 50 per cent having between 1-10 per cent root rot.  
• Hypocotyl rot was not as common as root rot, approximately 65 per cent of paddocks had 
hypocotyl rot present.  Less than 20 per cent of paddocks sampled had more than 10 per cent 
hypocotyl rot incidence.  
• Both Rhizoctonia and Pleiochaeta were commonly isolated from infected roots.  Rhizoctonia 
solani (ZG3) was the most common pathogen isolated from infected hypocotyls. 
• Sowing lupins into paddocks that have previously contained legume based pastures can result 
in significant occurrence of hypocotyl rot. 
• The level of root rot found was within the range expected and was less than that found in the 
survey in 1990 by MacLeod.  In his survey, MacLeod found that 100 per cent of paddocks 
sampled had root rot and that 80 per cent of sites had more than 10% of plants infected.  Over 
the two years we found only 36 per cent of sites with more than 10 per cent plants infected.  
Levels of hypocotyl rot were similar in these two surveys.  
• Plant densities recorded in this survey were higher than recorded by MacLeod in 1990.  We 
recorded ~ 30 per cent of sites with less than 40 plants/m2, whilst in 1990 MacLeod recorded 
nearly 60 per cent of paddocks with less than optimum plant densities.  
• Lupin growers can expect some level of root rot in their paddocks under most soil types, 
environmental regions, rotations and management systems.  This survey indicated that many 
growers are sowing lupin crops at seeding rates which will help to compensate for seedling 
disease. 
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Development of a generic forecasting and decision support system for 
diseases in the Western Australian wheatbelt 
Tim Maling1, Art Diggle1,2, Debbie Thackray1, Kadambot Siddique1 and Roger Jones1,2 
1CLIMA, The University of Western Australia 
2Department of Agriculture, Western Australia 
Key messages 
A generic forecasting and decision support system for pathogens which cause diseases that depend 
on a ‘green-bridge’ is currently under development. 
• When complemented with appropriate disease management strategies, accurate and timely 
disease forecasts help diminish yield and quality losses and input costs. 
• The automation of forecasting models achieved here is a major advance that permits regular, 
reliable and up to date predictions for the first time.  
Background 
Forecasting models for epidemics of disease-causing pathogens that depend on a ‘green-bridge’ of 
susceptible herbaceous plants for their survival over the dry summer period in the WA wheatbelt rely 
mainly on daily temperature, rainfall and evaporation data to function effectively.  Climatic factors, 
especially rainfall, determine the size of the ‘green bridge’ which in turn determines the likelihood that 
a damaging epidemic will develop.  Generally the input of climatic data is a very time consuming 
exercise.  As a consequence, such forecasts normally focus on large areas, and are not redone on a 
regular basis as the growing season progresses.  However, our research on automation of this data 
retrieval has enabled higher resolution forecasting on a much smaller timescale for the first time.  This 
permits regular updates of predictions with a minimum of effort and also allows forecasts to focus on 
small areas.  
The generic decision support system (DSS) produced using this automated data retrieval approach 
will consist of a web page.  This web page will provide forecasts for multiple diseases that depend on 
a ‘green bridge’ for survival over summer and outline the disease management strategies 
recommended for each of them.  There is also scope for including forecasts for pests that depend on a 
green bridge in due course. 
Method 
The prototype of the generic model currently uses the previously devised Cucumber Mosaic Virus 
(CMV) model for lupin (Thackray et al. 2004).  CMV is both seed-borne and aphid-borne and the aphid 
vectors require a ‘green-bridge’ to survive over the dry summer period.  The magnitude of the ‘green 
bridge’ therefore determines time of arrival of aphids in the crop and the numbers arriving.  The CMV 
model has been connected to a database of meteorological data that is located at DAWA and is 
updated twice a week using information from the Bureau of Meteorology.  The prototype model is 
designed to use the current year’s climatic data up until the present time.  It then completes the run 
using available climatic data from all archival years resulting in several potential future scenarios.  
These model runs are then ranked with the outputs from the different years giving ‘average’, ‘good’ 
and ‘bad’ disease incidence scenarios that are saved for display on the website.  
The model runs for a grid of cells that are 0.25° x 0.25° in size.  Users are able to input seed infection 
levels, expected emergence date, and plant density.  Graphs of soil moisture index, aphid population 
in the area surrounding the crop, crop aphid population (Figure 17) and percentage yield losses are 
created for each cell, along with a map of the relative disease risk for the entire SW corner of WA 
(Figure 18).  All of this output is stored in a separate database accessed through a web interface, with 
the user having the ability to access detailed output for any cell that is of interest to them. 
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Figure 17. Example of detailed analysis of crop aphids. 
 
Figure 18. Example of a State forecast map. 
Conclusion 
A prototype of the generic forecasting and DSS described here will be made available for inspection 
and demonstration at the 2006 Western Australian Crop Updates Conference.  Currently the 
prediction system only supports CMV/lupin risk forecasting, but models for Bean Yellow Mosaic 
Virus/lupin, Beet Western Mosaic Virus/canola, and aphid feeding damage in canola and lupin are 
under construction and will be integrated upon their completion.  In the future, the aim is to incorporate 
the other forecasting models for pathogens and pests that depend on a ‘green bridge’ for survival 
outside the growing season.  The final generic system should be online for the 2007 growing season. 
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Tanjil mutants highly tolerant to metribuzin 
Ping Si1, Mark Sweetingham1,2, Bevan Buirchell1,2 and Huaan Yang l,2 
1CLIMA, The University of Western Australia 
2Department of Agriculture, Western Australia 
Key messages 
Several lupin mutants highly tolerant to metribuzin have been identified among a large population of 
mutants induced in the anthracnose resistant, but metribuzin sensitive cultivar Tanjil.  Two of the 
mutants were more tolerant than Mandelup in a dose response study and were highly likely to be 
resistant to anthracnose.   
Method 
A large quantity of Tanjil seed was mutated with either 0.4 per cent ethyl methane sulfonate (EMS) or 
1 mM NaN3.  The M2 seeds were sown at Wongan Hills into 2 large field plots adjacent to each other.  
Metribuzin was applied to the M2 seedlings at 4-6 leaf stage twice at a 2-week interval with an 
aggregated rate of metribuzin of 675 g/ha.  Survival plants were harvested by hand individually.  
These single plants were grown again in the field with exposure to metribuzin at 250 g/ha at 4-6 leaf 
stages to produce M4 lines.   
Based on field observation in M3 lines, 16 M4 lines were selected to be re-screened again in a 
phytotron at 20/12°C.  Each M4 line was sown into a plastic tray filled with potting mix with replicates.  
There were 25 seedlings per tray per replicate.  Metribuzin at 600 g/ha was applied to the 4 leaf stage 
seedlings in a herbicide spray chamber fitted with two flat fan nozzles.  Watering was resumed 2 days 
after herbicide application.  Damage was assessed as plant score 2 weeks after the spray.  Fresh leaf 
sample from each of tolerant plants was taken to extract DNA for the marker test of the presence of 
the anthracnose resistant gene in Tanjil.   
Two M4 lines with plant score lower than 0.5 were further studied in a phytotron at 20/12°C in a dose 
response in comparison with original parent Tanjil, and the tolerant cultivar Mandelup.  There were 
7 doses, 4 replicates and 20 plants per replicate.  Metribuzin was applied to the plants at 4 leaf stage.  
Plant survival was counted 2 weeks after spray.   
Results 
Identification of tolerant mutants  
More than 100 M2 plants survived metribuzin at 675 g/ha in the field.  These survival plants were 
grown to produce M4 seed and tolerance to metribuzin was confirmed in M4 lines.  
All 16 selected M4 lines survived metribuzin at 600 g/ha and had a plant damage score lower than 3.5 
whilst un-mutated Tanjil scored 5, suggesting 100 per cent mortality (Table 31).  Seven of the 16 M4 
lines had leaf score less than 0.5.  In comparison, the tolerant Mandelup scored 1.5, suggesting the 
seven mutants had less leaf damage than Mandelup.   
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Dose response of the mutants 
Tanjil plants had no survival at 800 g/ha whilst the mutants (Tanjil-AZ-33 and Tanjil-AZ-55) survived 
100 per cent.  These two mutants had higher survivals than Mandelup at rates exceeding 1600 g/ha 
(Figure 19).   
Marker for anthracnose resistant gene in mutants  
A molecular marker specific for anthracnose resistance in Tanjil was detected in 2 out of 12 tolerant 
mutant lines (data not shown).  All plants of the two mutants (Tanjil-AZ-33 and Tanjil-AZ-55) were 
positive for the marker tagging the anthracnose resistant gene. 
Conclusion 
The two Tanjil mutants are very valuable source for the development of new lupin variety because of 
the combination of high tolerance to metribuzin herbicide and good resistance to anthracnose disease. 
Key words 
lupin, herbicide tolerance, anthracnose resistance, mutation breeding 
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Table 31. Variation in tolerance to metribuzin at 600 g/ha among M4 lines, sensitive Tanjil and tolerant 
Mandelup at 20/12oC 
Number of mutant lines in indicated score scale1 
 
0-0.5 1-1.5 2-2.5 3-3.5 4-4.5 5 
Total 
number 
Mutants 7 5 3 1 - - 16 
Tanjil* - - - - - 5  
Mandelup* - 1.5 - - - -  
1 Score scale of plant:  0 = no symptom, 5 = plant dead. 
* Actual scores for control cultivars, averaged across 50 plants. 
Rate of metribuzin (g/ha)




















Figure 19. Per cent survival of 2 lupin mutants (∆ and ▲) in comparison with original parent Tanjil (•) and 
tolerant Mandelup (o) in a phytotron at 20/12°C to different rates of metribuzin.  Bars indicate 
standard errors. 
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Precipitation pH vs. yield and functional properties of lupin protein isolate 
Vijay Jayasena1, Hui Jun Chih1 and Ken Dods2 
1Curtin University of Technology 
2Chemistry Centre 
Key messages 
Lupin has been used in the animal feeds industry for decades.  Despite its relatively high protein 
content and approval for human consumption, Australian Sweet Lupin (L. angustifolius) has had 
limited applications in the human food industry.  Limited exploration and understanding of the optimal 
precipitation conditions of lupin protein and their functional properties may have contributed to the 
difficulties encountered in encouragement of its adoption and substitution in manufacturing processes. 
Protein isolates produced at ten different precipitation pH values were tested for their chemical 
compositions and functional properties in this study.  It was found that lupin protein isolate has the 
potential to replace the expensive soy protein isolate in food formulation, particularly in acidic foods. 
Aim 
• To compare the yields and protein contents of lupin protein isolated at different precipitation pH 
levels. 
• To compare the functional properties of lupin protein isolated at different precipitation pH, with 
soy protein isolated at pH 4.5. 
Method 
Protein isolation 
Defatted Australian Sweet Lupin (L. angustifolius) and commercial soy flour samples were used for the 
study.  Protein isolates were produced by alkaline extraction and acid (isoelectric) precipitation.  Lupin 
protein was extracted at ten different precipitation pH values:  pH 4.0, 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.8, 
5.0 and 5.5.  The ‘reference’ soy protein was extracted at pH 4.5.  Lupin and soy proteins were 
analysed for their moisture and protein contents.  
Functional properties 
Emulsifying activity, emulsion stability, foaming capacity and foam stability of the protein isolates were 
determined by method used by Jayasena, Sartika and Dods (2004).  
Results 
Protein isolation 
There was no significant difference in protein content (purity) of the lupin and soy protein isolates 
(Table 32).  The protein recovery of lupin protein isolated at pH 4.6 was significantly higher (67.3%) 
than lupin protein isolated at pH 4.0, 4.1, 4.2, 4.3, 4.5, 5.0, 5.5 and the soy protein isolate.  Yields of all 
the lupin protein isolates were significantly lower than that of soy protein isolate (Table 32).  
Table 32. Protein content, yield and recovery of the protein isolates 
Sample Protein content (%db) Protein recovery (%) Protein yield (%) 
LPI4.0 97.9 ± 2.16a 54.4 ± 2.72c 22.5 ± 1.95b 
LPI4.1 98.8 ± 1.34a 57.9 ± 2.20a 23.4 ± 1.30bd 
LPI4.2 98.0 ± 1.36a 60.9 ± 0.40ag 24.9 ± 0.36cd 
LPI4.3 99.3 ± 1.45a 61.3 ± 1.71bg 24.9 ± 1.32cd 
LPI4.4 99.9 ± 2.93a 65.9 ± 3.19df 25.7 ± 1.23cf 
LPI4.5 98.4 ± 1.49a 61.5 ± 1.05ag 27.1 ± 1.22c 
LPI4.6 99.9 ± 2.44a 67.3 ± 1.45de 26.5 ± 0.71c 
LPI4.8 99.9 ± 1.18a 66.4 ± 1.05ef 25.8 ± 1.14cf 
LPI5.0 99.6 ± 5.22a 64.7 ± 2.30bf 26.9 ± 1.45c 
LPI5.5 99.9 ± 2.52a 64.8 ± 2.78f 24.6 ± 0.99df 
SPI 93.4 ± 5.90a 59.1 ± 2.24a 35.5 ± 0.45a 
LPI4.0 = lupin protein isolated at pH 4.0, LPI4.1 = lupin protein isolated at pH 4.1, and so on SPI = soy protein 
isolate.  Values with the same letter are not significantly different (p < 0.05).  
Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
67 
Functional properties 
Emulsifying activity and emulsion stability of soy protein isolate were significantly lower than those of 















































































LPI4.0 = lupin protein isolated at pH 4.0; LPI4.1 = lupin protein isolated at pH 4.1, and so on.  SPI = soy protein 
isolate. 
Figure 20. Comparison of emulsifying activities (left) and emulsion stabilities (right) of protein isolates at 
various pH levels. 
Foaming capacities and stabilities of lupin protein isolates were similar to or better than the soy protein 
isolate across the three pH levels (Figure 21).  It was illustrated that lupin protein isolated at pH 4.5 











































































LPI4.0 = lupin protein isolated at pH 4.0; LPI4.1 = lupin protein isolated at pH 4.1, and so on.  SPI = soy protein 
isolate. 
Figure 21. Foaming capacities (left) and foaming stabilities at the 120th min (right) of protein isolates at 
various pH levels. 
Conclusion 
• The yield of lupin proteins isolated at pH 4.2, 4.3, 4.4, 4.5, 4.6 4.8 and 5.0 were comparable.  
This indicates that lupin proteins can be isolated at higher pH levels, such as at pH 5.0, with a 
low production cost.  
• Emulsifying and foaming properties of the lupin protein isolates were dependent on the 
precipitation pH. 
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• Lupin protein isolates have comparable or better functional characteristics to soy protein 
isolates, particularly in acidic conditions.  
• Lupin protein isolate has the potential to replace soy protein isolate in various food formulations. 
Key words 
lupin protein isolate, soy protein isolate, functional properties, emulsifying properties, foaming 
properties 
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Lupin protein isolation with the use of salts 
Vijay Jayasena1, Florence Kartawinata1, Ranil Coorey1 and Ken Dods2 
1Curtin University of Technology 
2Chemistry Centre 
Key messages  
• Lupin has been cultivated for many centuries but has had limited food applications.  Western 
Australia producers around a million tonnes of lupin annually.  Its main use until now has been 
as an animal feed.  
• The optimum conditions for economical isolation of lupin protein have not yet been identified.  
The traditional method of isolating protein from flour is to dissolve the flour protein in an alkaline 
solution, separate the liquid and then precipitate the protein in the liquid by acidification.  
• Salts at different concentrations can be used to improve extraction and/or precipitation of 
proteins.  
• The study indicated the use of 0.01 per cent Na2SO4 and 0.1 per cent (NaPO3)6 during the 
solubilisation step resulted in the highest purity and the greatest recovery of protein isolate.  The 
use of 1 per cent (NaPO3)6 and 1 per cent Mg (ClO4)2 in the precipitation step provided the 
highest protein and greatest yield of isolates with improvement in functional characteristics 
under acidic conditions. 
Aim  
• To assess the effects of salt on protein isolation.  
• To compare the functional properties of the salt precipitated lupin protein isolates. 
Method  
Dehulled and defatted Australian sweet lupin (Lupinus angustifolius) flour was used in the study.  
In the salt dissolution experiment, the method used by Jayasena, Sartika and Dods (2004) was 
modified by adding 0.01 per cent Na2SO4, 0.1 per cent (NaPO3)6, 0.1 per cent (NH4)2SO4 or 1 per cent 
CaCl2 at the dissolving stage.  The pH was adjusted to 9 with NaOH. 
In the salt precipitation experiment, 10 per cent NaCl, 1 per cent Mg(ClO4)2, 1 per cent CaCl2 or 1 per 
cent (NaPO3)6 was added at the precipitation stage.  The pH was adjusted to 4.5 with 1M HCl.  
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Emulsion activity, emulsion stability, foaming capacity and foaming stability were determined as per 
the methods used by Jayasena, Sartika and Dods (2004).  
Results and discussion  
The use of (NaPO3)6 in the solubilisation step and the precipitation step increased the protein recovery 
by 35 per cent and 30 per cent respectively.  The use of Na2SO4 in the solubilisation step increased 
the recovery by 44 per cent (Table 33). 
The emulsifying activity of the lupin protein isolates recovered with the addition of (NaPO3)6 and 
Na2SO4 were similar to the control lupin protein isolate (Table 33). 
The foaming capacity and the foaming stability at 60 minutes of the lupin protein isolates with the 
addition of (NaPO3)6 and Na2SO4 were similar to the control lupin protein isolates (Table 33). 









stability at 60 




At pH 4 At pH 6 At pH 4 At pH 6 At pH 4 At pH 6 At pH 4 At pH 6
Lupin protein isolate 
(control)   34 51 13 55 303 278 292 270 
Solubilisation 
treatments          
(NH4)2SO4 None 49 55 36 52 417 385 336 308 
Na2SO4 44 44 54 29 50 411 601 236 438 
(NaPO3)6 35 44 52 54 59 459 300 330 222 
CaCl2 None 46 16 52 9.6 393 486 318 372 
Precipitation 
treatments          
NaCl None 46 48 49 52 515 425 453 299 
Mg(ClO4)2 21 24 24 26 26 299 315 257 241 
CaCl2 None 37 43 4.4 5.0 306 322b 250 229 
(NaPO3)6 30 33 52 45 51 314 274 276 231 
Conclusion 
• Use of (NaPO3)6 in the solubilisation and the precipitation stage increased the protein recovery.  
• The use of Na2SO4 in the solubilisation stage increased the protein recovery.  
• The use of (NaPO3)6 and Na2SO4 to increase the lupin protein recovery seems to have no 
adverse affect on the functional properties and appears to enhance functional performance 
under acidic conditions.  
Keywords  
lupin protein isolates, salt extraction of protein, emulsifying properties, foaming properties, protein 
recovery  
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Field pea 
Mark Seymour, Department of Agriculture, Western Australia 
2005 saw more farmers in WA grow field pea than any other year.  Over 700 farmers have purchased 
Kaspa over the last two years, with the vast majority of growers in medium and high rainfall zones in 
the south of the State.  Pleasingly many growers had good experiences with Kaspa in 2005, but there 
remain concerns about its suitability to low rainfall inland areas where both drought and frost are more 
likely to occur.  Kaspa seems less able to recover from stresses during podding than many other 
varieties.  The search continues for a variety which combines Kaspa strong points with slightly earlier 
flowering and better recovery from stresses during flowering and podding.   
Breeding remains our best hope of developing a semi-leafless field pea better suited to low rainfall 
areas.  2005 was a transition year for field pea breeding in WA, and from 2006 WA will no longer have 
a field pea breeder, but instead will be part of a national program led by Dr Toney Leonforte from 
Victoria and coordinated in WA by Kerry Regan.  Early generation testing will remain in place in key 
locations and if 2005 was anything to go by there will be no shortage of useful material being tested 
throughout WA. 
Included in the following pages are summaries of the research and extension efforts by many 
organisations and projects, all with the same aim - to establish a sustainable and substantial field pea 
industry in WA. 
 
Breeding highlights 
Kerry Regan1,2, Tanveer Khan1,2, Stuart Morgan1 and Phillip Chambers1  
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Current program and future 
The 2005 season marks the end of the Western Australian field pea breeding program in its current 
form with the development of a new National Program commencing in January 2006.  The Australian 
Field Pea Improvement Program (AFPIP), funded by GRDC, will be centralised at Horsham, Victoria 
(VIC) with collaborators in New South Wales (NSW), South Australia (SA) and Western Australia 
(WA).  Western Australia will be responsible for evaluating breeding lines being developed by the 
program, and undertaking a breeding and screening component for field pea blackspot resistance. 
The main objective of AFPIP is to expand the field pea industry in Australia through the development 
of new varieties with broad adaptation across Australia and also with suitable adaptation for specific 
production regions of Australia.  The first five years of this program is expected to have an increased 
focus on developing semi-leafless, dun type varieties with non-shattering pods (Kaspa ideotype) that 
will increase crop expansion and production in the more marginal soil and lower rainfall (< 350 mm 
annual) cropping environments within WA, SA, VIC and NSW.  In these environments, field peas are 
often the best-adapted grain legume option. 
In 2005, the activities undertaken in field pea breeding across Australia reflected the new AFPIP 
management and structure, and provided a transitional year to ensure that the new Program will 
commence effectively in 2006.  
Yield and agronomic evaluation 
Field pea breeding yield evaluation sites were located at Dalwallinu, Merredin, Lake King and 
Scaddan in 2005.  The season started well and all field pea trials were sown in the optimum sowing 
window, with the exception of Scaddan.  At Scaddan, sowing was initially delayed to reduce the risk of 
blackspot infection, but continuing wet conditions made sowing operations difficult and the trial was 
not in the ground until 28 June.  Seasonal rainfall was average, but the spread of rainfall was not 
timely.  June and July rainfall were significantly greater and less than the average, respectively.  
Merredin and Lake King experienced multiple frosts in the first two weeks of September, which caused 
obvious visual symptoms and pod damage to plants.  Despite the difficult weather experienced, yields 
performance across sites was good demonstrating the resilience of field pea in adverse conditions. 
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Yield evaluation of field pea breeding lines included three series of trials, stage 1 (S1), stage 2 (S2) 
and stage 3 (S3).  Stage 1 testing involves evaluation of a large number of breeding lines in 
unreplicated trials across a restricted number of locations.  The best breeding lines from S1 trials are 
promoted to S2 and subsequently S3 trials for wider evaluation.  Merredin was utilised as the primary 
evaluation site in WA with S1, S2 and S3 trials.  Stage 2 and 3 trials were located at Lake King and 
Scaddan, and one S3 trial was located at Dalwallinu.  One trial was not harvested at Lake King (S3) 
and at the time of writing, yield results were not available for the S1 or S2 trials. 
Stage 3 evaluation 
Mean seed yields ranged from 1955 kg/ha at Merredin to 3254 kg/ha at Scaddan (Table 34).  Kaspa 
performed extremely well in 2005 out-yielding all commercial varieties at each site.  The only breeding 
line to out-yield (p < 0.05) Kaspa at any site was the semi-leafless dun line 96-286*1-9 at Merredin.  Of 
the dun field pea breeding lines 96-286*1-11, 97-015*2-3 and 89-036*3-6 performed the best on 
average across sites.  The line, 89-036*3-6, is a sister line to Kaspa which commences flowering 
about a week earlier.  This line has been suggested as a replacement for Kaspa in low rainfall areas 
and produced 6 per cent greater yield than Kaspa at Dalwallinu and Scaddan.  
Table 34. Leaf-type, flower colour, seed type and seed yield (as %Kaspa at each site and mean across 
sites) of field pea varieties and breeding lines in S3 yield evaluation trials 2005 (sowing date in 
parentheses) 













Bundi SL W W 103 75 83 87 
Dundale C P D 70 71 86 76 
Dunwa C P D 84 87 92 88 
Excell SL W B 78 77 63 73 
Helena C P D 74 83 93 83 
Kaspa SL Pi D 100 100 100 100 
Moonlight SL W W 89 79 90 86 
Mukta SL W W 82 74 91 82 
Parafield C P D 74 88 85 83 
Snowpeak SL W W 63 71 61 65 
Soupa C W B 62 88 80 77 
Sturt C W W 73 76 102 84 
Yarrum SL P D 88 86 66 80 
96-286*1-11 SL P D 111 98 106 105 
97-015*2-3 SL Pi D 112 100 89 100 
89-036*3-6 SL Pi D 106 106 79 97 
96-286*1-9 SL P D 86 89 115 97 
97-015*2-5 SL Pi D 102 101 84 96 
97-017*2-8 SL Pi D 96 99 93 96 
96-286*1-16 SL P D 85 93 105 94 
97-446*2 SL W W 97 105 80 94 
WAPEA2189-VIC SL W W 86 100 95 94 
96-286*1 SL P D 83 94 103 93 
97-340*5-1 SL W W 94 93 90 93 
96P403-2 SL Pi D 98 79 98 92 
97-015*2-2 SL Pi D 98 91 83 91 
97-015*2-8 SL P D 98 101 74 91 
93-019*6-3 SL Pi D 97 91 81 90 
97P695-8 C P D 89 85 93 89 
97P717-6 C P D 75 86 102 88 
98P795-5 SL P D 75 89 99 88 
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Table 34 continued … 













97-015*2-6 SL P D 95 102 62 87 
97P717-7 C P D 82 82 98 87 
99-228*5 SL P D 79 72 105 85 
PS1608 SL P D 70 80 101 84 
97-436*1 SL W W 102 74 73 83 
97P682-4 C W W 67 81 100 83 
PSL4-RRSEL-1 SL Pi D 69 105 61 79 
Kaspa yield (kg/ha)    2136 3254 1955 2448 
Mean    1555 2542 1548  
lsd 5%    562 539 261  
CV%    18 11 8  
1 Leaf type:  C = conventional trailing type; SL = semi leafless. 
2 Flower colour:  P = purple; W = white; Pi = pink. 
3 Seed type:  D = dun; W = white; M = maple; B = blue. 
Snowpeak is currently considered the best white field pea variety for WA.  Compared to the other 
white field peas, Snowpeak did not perform well in 2005 (Table 34).  The new variety Moonlight, which 
was released as a replacement for Snowpeak and Excell in southern NSW in 2005, produced the best 
yields across sites for white field pea varieties.  Moonlight is a mid-flowering variety (similar to 
Parafield) resistant to pod shatter and downy mildew.  Another variety, Bundi (tested as 89-036*9-8), 
has been commercialised in 2005 and will have seed available to growers in 2007.  This line is 
targeted for the mallee regions of VIC, but may produce greater yields than Moonlight and Snowpeak 
in some regions of WA. 
Blackspot breeding and screening 
In the new National Program, WA has been charged with the responsibility of screening breeding 
material for blackspot resistance and to enhance germplasm for resistance to black spot.  The 
highlight of the 2005 season has been the first year of multi-location yield trials of the potentially 
blackspot resistant breeding lines developed in WA.  Twenty six lines and four control varieties were 
evaluated at Bolgart and Merredin with three replications at each site.  Both sites suffered from 
multiple frost events.  Bolgart also suffered from weed infestation causing reduced yields and a great 
deal of variability in yield data.  Lines in this trial were also screened for their blackspot reaction at 
Medina and data for those that were assessed as moderately resistant (MR) or moderately resistant to 
moderately susceptible (MR-MS) are presented (Table 35).  The most outstanding line is 00P040-2, 
which has most of the ‘ideotype’ features of Kaspa (e.g. semi-leaflessness, lodging resistance, sugar 
pod trait and seed quality) and shows significant improvement in blackspot resistance.  Other lines of 
interest are 98P795-4 and WA2189; not dun types but worth pursuing in further trials.  Seeds of 
00P040-2 are being multiplied at Manjimup over summer to allow its assessment in time of sowing 
trials in 2006. 
Fixed lines generated in previous years and at F6 to F8 generation were screened for blackspot 
resistance at Medina.  Twenty one F6 lines have shown MR reactions and over thirty lines in other 
trials have shown potential.  The S2 material from the NFPIP, comprising of over 300 lines, was also 
screened.  Fifteen lines were found to have moderate resistance.  Of these two lines 00-044-9 and 
00-178-4 were most outstanding.  Both are white flowered semi-leafless lines. 
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Table 35. Blackspot rating (BS), flower colour (FC), leaf type, lodging score (Lodg:  9 most lodged), 
seed yield (% of Kaspa) at Bolgart and Merredin, 100 seed weight (100SW:  g), seed type and 
cotyledon colour (CC) in moderately resistant to moderately susceptible field pea breeding 
lines and varieties at Medina 2005 
Name BS1 Leaf type2 FC






00P040-2 MR SL Pi 6.0 73 98 22.9 D Y 
00P040-5 MR SL Pi 5.0 47 73 24.0 D G/Y 
97P719-25 MR-MS C W 6.0 95 105 14.8 W Y 
98P795- 4 MR-MS SL P 7.0 95 99 21.8 DS Y 
99P843-03WA-7 MR-MS SL W - 45 - 20.5 W Y 
99P903-9 MR-MS C W - 29 - 20.3 W Y 
99P916-1 MR SL W 8.0 62 82 14.5 B G 
WAPEA2189 MR-MS SL W 7.0 93 100 18.6 B G 
Dundale S C P 7.8 62 97 22.8 D Y 
Dunwa S C P 8.0 80 95 24.7 D Y 
Helena S C P 8.0 98 109 17.5 D Y 
Kaspa S SL Pi 5.7 100 100 21.7 D Y 
Kaspa yield (kg/ha)     3055 3468    
CV (%)     18 10    
1 BS rating:  VS = very susceptible; S = susceptible’ MS = moderately susceptible; MR = moderately resistant; 
R = resistant. 
2 Leaf type:  C = conventional trailing type; SL =  semi leafless. 
3 Flower colour:  P = purple; W = white; Pi = pink. 
4 Seed type:  D = dun; DS = speckled dun; W = white; M = maple; B = blue. 
5 Cotyledon colour:  Y = yellow; G = green. 
 
Variety evaluation 
Kerry Regan1,2, Tanveer Khan1,2, Jenny Garlinge1 and Rod Hunter1 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia  
Evaluation of field pea varieties and advanced breeding lines was undertaken at seven sites in 2005 
and included a range of semi-leafless (SL) and trailing leaf type (T), white and dun seeded field pea 
varieties and lines.  Semi-leafless types were sown to achieve 60 plants/m2, while T types aimed for 
50 plants/m2.  The yield results presented here are from preliminary analysis. 
The 2005 season provided a mixed bag of conditions across sites.  Rainfall in April and May provided 
excellent sowing opportunities across most sites, but continuing wet conditions in June delayed 
sowing at Scaddan.  Heavy rainfall in June followed by dry conditions in July resulted in some 
transient waterlogging and drought stress, respectively.  Some sites, such as Merredin and Kunjin, 
experienced frost in September.  The long cool spring period provided excellent grain filling conditions 
for the later flowering varieties. 
On average, mean yields ranged from 800 kg/ha at Kunjin to 3427 kg/ha at Mingenew (Table 36).  
Kaspa performed well in 2005 along with Bundi, Yarrum and the breeding line WAPEA2193.  Kaspa is 
relatively late flowering and considered more suitable for the medium rainfall and longer season 
regions.  The long cool spring experienced at many sites would have provided favourable conditions 
for Kaspa.  Bundi (tested as 89-036*9-8) is a white seeded field pea with early flowering, but is 
otherwise similar to Kaspa.  Bundi was commercialised during 2005 for the mallee regions of Victoria.  
Yarrum was released in 2004 for northern NSW.  It is a semi-leafless variety with dun seed type, 
flowering similar to Kaspa and resistance to powdery mildew, but does not have the sugar pod trait.  
Interestingly, Bundi and Yarrum were not outstanding in the S3 breeding evaluation trials. 
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Table 36. Seed yields1 (% Kaspa) of field pea varieties and lines in CVT trials (SL types sown to achieve 60 plants/m2 and C types 50 plants/m2) 2005 (sowing date in 
parentheses) 



















Kaspa  SL Dun 18163 3827 826 2761 1680 1228 3118 2179 
Bundi  SL White 107 99 87 98 124 109 86 101 
Dundale  C Dun 114 75 123 76 93 91 82 93 
Dunwa  C Dun 115 87 106 88 99 104 90 98 
Helena  C Dun 86 84 78 98 122 105 92 95 
Moonlight SL White 100 98 115 88 107 106 76 99 
Parafield  C Dun 121 81 101 86 99 116 90 99 
Snowpeak SL White 117 81 115 89 111 100 75 99 
Sturt  C White 84 92 107 86 113 102 83 95 
Yarrum  SL Dun 120 102 88 102 93 125 87 102 
WAPEA2193  C Dun 94 83 99 104 105 108 105 100 
96-286*1  SL Dun 115 85 91 105 90 102 97 98 
89-036*3-6  SL Dun 101 92 89 114 85 107 85 96 
96-262*1  SL White - 83 - 91 109 113 77 95 
WAPEA2200  C White 91 95 87 90 102 107 83 94 
95183-12-1  SL White - - - 89 103 92 - 94 
Mean   1923 3427 800 2578 1738 1293 2728  
lsd 5%   660 291 166 365 295 435 647  
CV%   6 5 11 8 9 18 13  
1 Seed yields of Kaspa and site means are presented in kg/ha.  Results presented here are preliminary and further analysis will be undertaken. 
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Days to flowering of field pea varieties throughout WA 
Mark Seymour1, Ian Pritchard1, Rodger Beermier1, Pam Burgess1 and Dr Eric Armstrong2 
1Department of Agriculture, Western Australia 
2NSW Department of Primary Industries, Wagga Wagga 
Key messages  
Predictive models are now available to determine the approximate time a given field pea variety will 
flower for a particular sowing/emergence date throughout WA. 
Background 
From a knowledge of sowing date, emergence, flowering date, finish flowering and maturity, varieties 
can be classified according to their growth and development.  This then allows calculation of the entire 
growing season for each variety:  sowing to flowering; length of the flowering period and flowering to 
maturity.  This could then help explain or give an understanding of different yield performances and 
ranking of a same set of varieties with different phenology and development patterns when exposed to 
specific environmental stresses such as early or late frosts, a hot day in September, a very severe 
early finish, or a late disease epidemic.  This information would also be useful for planning herbicide 
strategies where timing of application according to growth stage is vital.  Also, an understanding of the 
phenology responses of a range of genotypes in different environments and at different sowing times 
will provide a model to predict performance and growth of a particular variety at a specified sowing 
date and location. 
Aim 
• To monitor the phenology differences of a range of Australian field pea varieties across 
environments differing in temperature, latitude and rainfall. 
• Characterise flowering responses in terms of temperature and photoperiod 
Method 
Sites: WA – Scaddan, Lake Grace, Northam and Katanning (2004 data included in 
modelling);  NSW – Condobolin, Griffith, Dubbo (2), Wagga, Tasmania – ?  
Sowing dates (6): 1. Last week April (27th) 
 2. Third week May (18th) 
 3. Second week June (8th) 
 4. Fifth week June (29th) 
 5. Third week July (20th) 
 6. 2nd week of August (10th) 
Seed source: NSW_DPI (Wagga), except Dunwa and Kaspa –RBSEL-1 (WA) 
One to two visits per week to each site when emergence date (when 50% or more of seedlings 
showing through), percentage flowering (20% flowering used in models), and maturity were noted.  At 
some locations node number and yield components were measured.  Data for yield and components 
of yield not yet available for presentation. 
Multiple fungicide applications were sprayed in an attempt to minimise blackspot in very early sowing 
date blocks, with marginal success. 
Results 
The data collected from WA sites on emergence and flowering dates were modelled using the linear 
modelling approach of Watkinson et al. (1994) in their rate of development computer program 
RodMod.  Wherein mean temperature ([min + max]/2) and mean photoperiod (average minutes in the 
day, including civil twilight) for a given location describe the rate of development from 50 per cent 
emergence to 20  per cent flowering (1/f, where f = days to flowering) as per equation 1, the 
parameters of which are given in Table 37. 
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Equation 1:  1/f = A + B.Temperature + C.Photoperiod 
Table 37. Rate of development (1/f) model parameters using WA field pea phenology data 2004-05 
Constant Temperature (°C) Photoperiod (minutes)Variety 
A B C 
% Variance 
accounted for 
89-036*3-6 -0.0246 0.000768 0.00004058 76 
96-262*1 E -0.02777 0.001053 0.00004273 71 
96-284*3 VE -0.03459 0.001508 0.00004676 64 
96-286*1 -0.03784 0.001234 0.00005228 95 
96-286*3 VE -0.03354 0.001152 0.00005289 62 
Dundale -0.03192 0.001113 0.00004724 87 
Dunwa -0.03215 0.000823 0.00005101 76 
Excell -0.02233 0.000883 0.00003884 60 
Helena (2004 only) -0.03646 0.001274 0.00005014 95 
Kaspa -0.02754 0.000748 0.00004393 87 
Kaspa-RBSEL-1 -0.0378 0.001942 0.00005147 62 
Moonlight -0.02821 0.000834 0.00004566 85 
Morgan -0.02597 0.000811 0.00004121 76 
Mukta -0.01961 0.00073 0.00003309 75 
Parafield -0.03192 0.000871 0.00005006 81 
Snowpeak -0.03243 0.001147 0.00004895 76 
Sturt -0.02732 0.001021 0.00004288 65 
Yarrum -0.02857 0.000893 0.00004382 79 
Data for yield and components of yield are not yet available for presentation. 
Discussion 
The fitted models allow average climatic and geographic data in any location in WA to be used to 
predict the days to flowering for all 16 varieties for any emergence date.  For example a crop of Kaspa 
which is sown on 10 May at Mullewa (Lat = -28°32'), which emerges on 20 May and experiences a 
mean temperature for May-August of 14.3°C and a mean photoperiod of 670 minutes will on average 
flower in 79 days, on 7 August (Equation 2).  By comparison the early flowering selection out of 
Kaspa, Kaspa-RBSEL-1, will flower in 41 days on 29 June. 
Equation 2: Kaspa at Mullewa 
 1/f = -0.02754 + 0.000748*14.3 + 0.00004393*670 = 0.0125895 
 f = 1/0.0125895 = 79 
The models may also be used to broadly determine suitability of varieties for location x sowing time 
combinations for all of WA, and to classify varieties according to their photoperiod and/or temperature 
responsiveness. 
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Semi-leafless field peas yield more, with less ryegrass seed set, in narrow rows  
Glen Riethmuller, Department of Agriculture, Western Australia 
Background 
Semi-leafless field peas have an upright structure with tendrils that connect plants to each other.  
Growers have been increasing their row spacing over the years to allow for better stubble handling, 
lower point wear cost, lower seeder capital cost and because less tractor power is required.  With field 
pea tendril length being relatively short, the question to be answered is how wide rows can be sown 
such that the standing ability of the field peas is not compromised.  Wide rows have also been shown 
to increase the seed set of ryegrass in wheat (G. Riethmuller, Agribusiness Crop Updates 2005) so 
this also needs investigating in semi-leafless field peas.  Stubble retention is important for preventing 
soil erosion but does it affect yield in semi-leafless field peas. 
Experiment details 
This experiment has four row spacings:  90, 180, 270 and 360 mm with the previous year’s wheat 
stubble retained or burnt with six reps.  This randomised block experiment began in 1987 and has the 
same row spacing and same stubble level on the same plots each year.  Grain yield and ryegrass 
seed set were also to be measured. 
Soil type: Red sandy clay loam on Merredin Research Station. 
Sowing date: 2 June 2005. 
Plot centres: 5 m (3.2 m sown). 
Seed rate:  160 kg/ha Kaspa field peas without pickling but inoculated (certified seed from 
Victoria), germination 92 per cent, seed weight 237 g/1000. 
Fertiliser:  78 kg/ha Double Phos (17.7 P, 16.2 Ca, 3.6 S, 0.08 Zn, 0.08 Cu) banded 30 mm 
below the seed to reduce fertiliser toxicity (two passes on 9 cm). 
Covering: Phoenix harrows at 35 degrees were used with a towed car tyre roller.  All points 
were 40 mm wide. 
Sprays: 15 April 2.0 L/ha Spray.Seed 250, 2 June 2.0 L/ha Spray.Seed 250 + 1.0 L/ha 
Cropcare Treflan 480, 25 July 250 mL/ha Select, 4 August 100 mL/ha Brodal 
Options, 30 September and 13 October misted 200 mL/ha Fastac. 
Harvester: KEW 1.62 m wide harvesting the whole plot in two passes with Rytec ryegrass 
catcher system attached and Riethmuller crop lifters for better ryegrass capture. 
Harvest date: 11 November 2005. 
The treatments were sown with a no-till systems approach with all non-sowing tines removed.  All plots 
were rolled across the plots with a truck tyre roller in addition to a car tyre roller used in the centre of 
the plot.  The soil was dry on top (dusty) with moisture underneath at seeding.  
The fertiliser was banded below the seed by using two tines in line with Primary Sales Ref 7 40 mm 
wide points with narrow Forward Engineering boots for all treatments except the 90 mm row spacing 
which was done in two passes. 
Results 
There were some patches of waterlogging due to the very wet June (42 mm of rainfall in the 10 days 
after sowing) (Table 38).  The patches appeared to be a little worse in the 270 and 360 mm rows due 
to some water-harvesting as the rows were still in a slight depression, despite the Phoenix rotary 
harrows and rollers.   
Table 38. 2005 rainfall (mm) at Merredin 
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 
0.0 0.0 36.2 21.8 59.6 73.4 13.4 50.4 28.8 14.8 5.6 1.0 
May-Oct: 240.4 
Jan-Dec: 305.0 
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The seed depth was measured only on the first rep and was fairly uniform except perhaps the seed 
was slightly deeper in the 270 mm row spacing plots (Table 39). 
The plant establishment was good, on average 59 plants/m2 with a decreasing trend as the rows 
widened, which is normal due to plant competition (Table 39).  From the 180 to the 360 mm spacings, 
the plant number decreased, on average, by 1 per cent for each centimetre increase in spacing.  
There appeared to be no effect of stubble on emergence (data not shown). 
By 12 October the 90 and 180 mm rows were standing up very well while the 270 mm rows, although 
showing a tendency to lodge, were not as bad as the 360 mm rows.  The 360 mm rows tended to 
lodge in all directions and looked similar to this at maturity (Figure 22 and Figure 23).  Despite the 
360 mm spacing lodging, the harvest losses appeared very low and, as such, should not have affected 
the yields. 
 
Figure 22. 180 mm spacing with stubble burnt, 12 October 2005. 
 
Figure 23. 360 mm spacing with stubble burnt, 12 October 2005. 
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As with the wheat of 2004 in this experiment, stubble retention did not have an effect on the field pea 
yield and there was no interaction between row spacing and stubble retention therefore mean data for 
row spacing treatments are presented in Table 39.  In the past (1991-2003), the treatments with 
retained stubble yielded higher than the burnt stubble treatments.  This change may be the result of a 
higher density of ryegrass in the plots with stubble.  The 90 and 180 mm spacings yielded the same 
but yield reduced, on average, around 1 per cent for each centimetre as spacing increased from 
180 to 360 mm.  This may be due to the reduced plant number or seed size which, although not 
affected by stubble retention, also decreased with increasing row spacing (180 to 360 mm). 
The ryegrass seed collected by the Rytec system and from the harvested grain (about a quarter of the 
total ryegrass collected was in the grain) were combined and their number is presented in the 
following (Table 39).  The retained stubble treatment averaged about twice the amount of ryegrass 
than the burnt stubble treatment but interestingly was about half the amount of ryegrass seed 
produced in 2004.  It is not likely that the field peas were more competitive than wheat but perhaps the 
practice of removing the ryegrass seed at harvest is reducing the seed-bank.  As the row spacing 
increased, the ryegrass increased with the 360 mm spacing having around 2 to 4 times more ryegrass 
than the 180 mm spacing. 




6 July 2005 
Plant density
(pl/m2) 
6 July 2005 
Harvest yield
(kg/ha) 






11 November 2005 
Row spacing  





90 63 65 2089 198 24 57 
180 49 65 2032 195 47 93 
270 71 53 1857 187 58 196 
360 54 55 1759 190 183 235 
Average 59 59 1934 193 78 145 
lsd (5%) stubble 









lsd (5%) spacing 









C of V (%) - 16 7 3 88 
Conclusion 
• Row spacings of 180 to 360 mm reduced the emergence and yield of Kaspa field peas by 
around 1 per cent for each centimetre that the row spacing increased. 
• The 360 mm row spacing tended to lodge while the 270 mm row spacing, although showing a 
tendency to lodge, was not as stable as the 90 or 180 mm row spacing at harvest. 
• The stubble retained treatments produced around double the ryegrass seed set than the burnt 
stubble treatments. 
• As the row spacing increased, the ryegrass seed number increased with the 360 mm spacing 
having around 2 to 4 times more ryegrass seed than the 180 mm spacing. 
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Swathing, stripping and other innovative ways to harvest field pea 
Mark Seymour, Ian Pritchard, Rodger Beermier and Pam Burgess, Department of Agriculture, Western 
Australia 
With more growers of field pea in WA than ever before it is inevitable that there are more people trying 
different ways to harvest them.  The Department of Agriculture’s Pulse agronomy project team once 
again have spent an interesting month catching up with as many farmers harvesting their field peas in 
order to see what works and what does not. 
Direct harvesting Kaspa in 2004 was problematic due to the low seed to canopy ratio.  In particular 
getting Kaspa to flow on belts was often very difficult.  In 2005 the crops were yielding much better 
and flow was much better regardless of whether the crop was swathed or harvested with a draper 
front.  It was pleasing to see many of the suggestions to improve flow on draper fronts suggested in 
the DAWA farmnote and video have been adopted and actually work!  Higher yielding crops also 
meant farmers were more willing to travel slowly and not push the system too far. 
On occasions fitting paddles to cross augers on draper fronts dramatically improved the flow of 
material into the harvester.  However many growers commented that their setups could be further 
improved by fitting lupin breakers to the cross auger and stripping plates above or behind the cross 
auger. 
In the Lakes district we visited a farmer who had fitted solid bars above the drape, which is a deluxe 
version of the wire fence idea.  Previous experience with Parafield in lower yielding years indicates the 
bars work quite well.  In 2005 the Kaspa crop sat well on the belts so the bars were not required to do 
anything. 
Another innovation saw a farmer in the Northam district fit solid plates above the drape which held the 
crop on the draper front quite well. 
 
Figure 24. Belt paddles fitted to across auger. 
 
Figure 25. Solid bars fitted above draper front. 
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Figure 26. Plates fitted above draper front. 
A number of growers tried picking up Kaspa without crop lifters when both swathing or direct 
harvesting.  In general this worked well and reduced the amount of dirt brought into the harvester.  
However it was important to adjust both the angle of the front and the angle and speed of the reel until 
the crop fed in efficiently.  It was also important to pay attention to the undercarriage of the front to 
ensure there were no areas where the crop could build up – particularly near the end of the front.  On 
gravel soils one grower found not using lifters actually increased the amount of gravel picked up – 
when lifters were fitted the gravel had time to drop out of the crop as it was picked up. 
Over the last few years there have been a small but committed group of farmers in the Esperance 
region who have been swathing field pea.  In 2005 it appears most farmers in the Esperance region 
and a few growers in the Great Southern tried swathing.  The general results were been positive with 
all field pea varieties producing enough bulk so that the swaths were very stable.  With wet conditions 
during harvest, swathing allowed farmers to spread out their harvesting time.  We did have concerns 
about how well the pea swaths would handle the wet weather, but in a few visits we did following rain 
we were surprised how dry the swaths were – but perhaps we were lucky with how the rain fell in short 
and sharp events. 
Once again the bulky crops meant the Kaspa material flowed well on the swathing fronts.  Some 
farmers had fitted cross augers to their swathers, and many removed them due to material wrapping 
around the auger. 
One of the more interesting farm visits was observing a Shelbourne Stripping front working in a Kaspa 
paddock.  The peas seemed to be magically disappearing as if they were being vacuumed from the 
paddock.  The farmer harvested at up to 16 km/hr and produced a good clean sample. 
 
Figure 27. Stripper front harvesting Kaspa. 
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DAWA have taken many photos and videos of all the aforementioned setups and will update the 
popular ‘Successfully harvesting semi-leafless field pea’ video in the New Year and release a swathing 
field pea farmnote during 2006. 
 
Pulse demonstrations 
Ian Pritchard, Wayne Parker, Greg Shea, Department of Agriculture, Western Australia 
Field pea varieties 
The aim of the demonstrations in 2005 was to allow growers in the low rainfall regions to evaluate 
Kaspa and recently released field pea varieties in their local area/environment.  Kaspa is currently only 
recommended for the medium and high rainfall regions. 
In trials in 2003 and 2004 the yield advantage of Kaspa over other varieties was greatest (> 1 t/ha) at 
the southern or longest growing season sites and decreased as the season length at the trial locations 
became shorter.  Yield differences between Kaspa and the other varieties may also be partly 
attributed to Kaspa’s higher harvest efficiency and lower harvest losses than the other varieties.  
Measured harvest losses for Kaspa generally being less than 100 kg/ha compared to over 1000 kg/ha 
for other varieties.  Kaspa’s ‘easier’ harvesting is one reason why growers in the low rainfall regions 
may be willing to trial Kaspa.  Grower experience limited that it is generally supports the trial results.  
Interest in Kaspa in 2005 continued to be high and positive with over 700 new growers of Kaspa, only 
24 per cent of new growers being in the low rainfall zone. 
Table 40. Field pea variety demonstration details − Morawa 
Site Settlement road, Morawa 
Treatments Dundale, Parafield, Kaspa 
Soil type Red loamy clay 
Sowing date 23 May, paddock rolled 24 May  
Seeding rate Approx. 100 kg/ha 
Fertiliser 50 kg/ha TSP 
Comments May to October rainfall was 261 mm with an unusually long mild spring which favoured the 
later flowering Kaspa, disease pressure for the site was also very low with very few/nil field 
peas grown in the district for many years. 
Table 41. Plant establishment and grain yield − Morawa 
Variety Emergence plants/m2 Standard error Yield (t/ha) Standard error 
Parafield 25 2 1.65 0.07 
Kaspa 28 1.7 1.89 0.25 
Dundale 25 1.1 1.93 0.09 
lsd (P = 0.05) NS  NS  
The length of the season helped Kaspa relatively more than Dundale and Parafield.  Kaspa flowers 
about three to five days later than Parafield and matures at about the same time as Parafield (three to 
seven days later than Dundale).  The yield results support the view that Kaspa is better suited to the 
medium and high rainfall regions but may be considered by growers in low rainfall regions due to other 
positive characteristics such as harvest height, harvest losses and ease of harvest.  The large 
variability in Kaspa grain yield was in part due to the lack of harvester set-up for the Kaspa plots, the 
direction of harvest and machinery settings being established on a trial and error basis.  The first two 
plots were harvested with the lay of the crop which caused a great deal of blockage on the coulters at 
each end of the barrel plucker.  The third plot was harvested against the lay of the crop and fed into 
the harvester without blockage losses. 
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The relative disappointing performance of Parafield could be explained by poor quality seed.  The 
Parafield seed used was the growers, which had been kept from on farm seed each year for the last 
four years.  The seed size was visibly smaller than ‘normal’ Parafield and also contained 
approximately 15 per cent of a speckled ‘duck egg’ type (possibly Pea Seed Borne Mosaic Virus?) 
Table 42. Field pea variety demonstration details − Merredin 
Site Merredin Research Station – 05ME14 
Treatments 
Dundale, Helena, Kaspa, Moonlight, Sturt, Yarrum 
24 plots 4 replications plot size 8 x 60 metres 
Soil type Red clay loam 
Sowing/harvest dates 2 June, paddock rolled 2 June:  11 November 
Seeding rate  Approx. 100-20 kg/ha depending on variety 
Fertiliser 80 kg/ha DAP 
Herbicide/insecticide 
2 June 2.0 L Spray.Seed 250 & 1.0 L Treflan 
8 June 1.0 L Diuron 500 
6 July 100 mL Dimethoate & 250 mL Select 
30 September Mister 200 mL Fastac 100 
13 October Mister 200 mL Fastac 100 
31 October Mister 200 mL Fastac 100 
Comments May to October rainfall 241 mm with an unusually long mild spring which favoured the later flowering varieties. 
Table 43. Grain yield of field pea varieties − Merredin 
Variety Yield kg/ha % of Dundale 
Dundale 1366 100 
Helena 1497 110 
Kaspa 1304 95 
Moonlight 1369 100 
Sturt 1563 114 
Yarrum 973 71 





The highest yielding variety at this site was Sturt which is a conventional white seeded trailing type 
field pea, it has also been the highest yielding white field pea across south east Australia.  The yield of 
Yarrum a dun semi leafless type was disappointing, being bred by the University of Sydney for central 
NSW to southern QLD a low rainfall environment similar to that of Merredin.  The yield of Kaspa being 
slightly lower than that of Dundale and Helena again supports the view that based on yield alone 
Kaspa should not be recommended for growers in the low rainfall regions. 
Field pea and albus lupin 
The new Lupinus albus variety Andromeda has a significantly higher level of resistance to 
anthracnose than the current variety Kiev Mutant and has potential in the medium to low rainfall area 
of the Northern Wheatbelt (east of a line from Nabawa to Mingenew to Carnamah) with an 
anthracnose management package.  Andromeda is later flowering than Kiev mutant and is expected 
to be lower yielding in the absence of lupin anthracnose.  Its development has been fast tracked in 
conjunction with the Council of Grain Grower Organisations (COGGO) and GRDC.  Andromeda was 
released in 2005, and first commercial production will occur in 2006. 
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With the release of Andromeda (WALAB2000) in 2005, the first anthracnose resistant albus lupin and 
the continuing interest from growers to find a legume for their medium to heavy land − a field pea, 
albus lupin variety demonstration was sown at the Liebe Groups Buntine site. 
Table 44. Field pea and albus lupin variety demonstration details – Buntine (Liebe group) 
Site Buntine – 05ME17, Liebe Group Research Site 
Treatments 
Dundale, Helena, Kaspa, Kiev Mutant, Andromeda 
15 plots 3 replications plot size 1.4 x 50 metres 
Soil type Red clay loam 
Sowing/harvest dates 27 May (18 cm row spacing with knifepoints), 22 November  
Seeding rate  Approx. 100-120 kg/ha depending on variety, adjusted to achieve 60 plants/m2 
Fertiliser 80 kg/ha DAP banded 
Herbicide/insecticide 
25 May 1.2 L Wipeout 
27 May 100 mL Talstar 
27 May 1.1 L Bladex and 2.4 L Spray.Seed 250 
28 July 1.0 L Hasten and 300 mL Aramo 
29 July 100 mL Le Mat 
Comments May to October rainfall was 258.5 mm. 
Table 45. Grain yield of field pea and albus lupin variety − Buntine (Liebe group) 
Variety Yield kg/ha % of Dundale 
Dundale 1084 100 
Helena 1288 119 
Kaspa 1096 101 
Kiev Mutant Albus Lupin 447 41 
Adromeda Albus Lupin 211 19 





Helena is the highest yielding field pea in this trial and confirms other trial experience where the later 
maturity of Kaspa results in its yield potential being limited in lower rainfall environments.  Helena 
remains as one of the recommended field pea varieties for the low rainfall regions. 
Albus lupins cannot compete on yield with field peas, especially when they are sown late in May as 
which occurred in this trial.  Late May − early June is an ideal sowing time for the field peas in this 
environment as it not only minimises the risk for black spot but also allows for the possibility of a 
number of pre-sowing weed control options to be used.  In comparison albus lupins in general are 
suited to an early sowing window due to their longer growing season requirement.  Andromeda does 
not yield well in comparison to Kiev mutant in short season/low rainfall environments as it has a longer 
maturity than Kiev mutant, flowering about one week later.  In the presence of anthracnose however 
Andromeda will perform significantly better than the highly susceptible Kiev Mutant. 
Stubble management and harvestability of field peas 
Semi leafless field pea varieties like Kaspa, Yarrum, Moonlight and Snowpeak have substantially 
improved structure for harvesting compared with trailing types such as Dundale and Parafield.  In most 
conditions Kaspa will stand better at harvest than trailing type varieties.  Some semi-leafless field peas 
including Moonlight and Kaspa have a sugar pod trait that reduces pod shatter.  The combination of 
reduced lodging, improved pod height and reduced pod shatter available in semi-leafless lines like 
Kaspa and Moonlight results in lower harvest losses in the paddock and a cleaner sample  
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Nevertheless for ease of harvesting, particularly in circumstances where semi-leafless peas may lodge 
it is important to prepare paddocks prior to and after sowing to ensure a clean level paddock for 
harvesting.  Historically this preparation for trailing types has generally consisted of the removal of 
cereal stubble and rolling following sowing of the field pea crop. 
Semi leafless field pea varieties like Kaspa, Yarrum, Moonlight and Snowpeak may allow the retention 
of cereal stubble while not affecting harvesting efficiency and sample quality.  The amount and 
condition of the cereal stubble − standing or loose, soil type, aspect, grazed or un-grazed we 
determine the relative wind erosion hazard of the pea stubble. 
Table 46. Stubble management and harvestability of field peas details − Meckering (WANTFA) 
Site WANTFA site Meckering 
Treatments Kaspa and Parafield field pea varieties sown side by side into 2004 standing wheat 
(Wyalkatchem Yield 2.04 t/ha) stubble, cut at 30 cm.  Plot dimensions 10 metres 
wide by 40 metres long, half of plot (20 metres) rolled with a tyre roller post sowing 
pre-emergent. 
Soil type Yellow brown deep sandy duplex. 
Loamy Sand 0-45 cm, pH (CaCl2) 6.4-4.3. 
Sandy Clay Loam 45 cm +, pH (CaCl2) 6.7. 
Sowing/harvest dates 2 June by Department of Agriculture Cone Seeder.  Shearer Tynes with Primary 
Super Seeder Points and Primary Press Wheels (Hollow Centre).  Double chute, 
fertiliser below seed.  8 row - 18 cm row spacing. 
Seeding Depth− at 5 cm. 
Seeding rate  Kaspa − 120 kg/ha, Parafield − 120 kg/ha 
Fertiliser 70 kg/ha of DAP. 
Herbicide/insecticide Knockdown prior to sowing. 
Post sowing pre-emergent and post rolling − 1.0 L/ha Diuron + 200 g/ha 
Metribuzin/ha. 
Plots were inspected at the 3-5 node stage for assessment of weed burden for 
post-em spraying, no post-emergent herbicide was applied due to very low/nil 
weed burden. 
Plots were not sprayed for native budworm or pea weevil at flowering, however just 
prior to harvest evidence of pea weevil (eggs on pods) was found. 
Prior to harvest the plots were measured at 10 points for standing height and photographed.  Rolling 
reduced the final average height of the Kaspa from 39 cm un-rolled to 24 cm rolled and Parafield from 
20 cm un-rolled to 15 cm rolled respectively.  Retaining standing stubble (cut at 30 cm) improved the 
standing ability of the peas at harvest.  The standing ability of Kaspa in the absence of standing 
stubble (rolled) is better than Parafield a conventional trailing type in the presence of standing stubble 
(un-rolled). 
Table 47. Grain yield of Kaspa and Parafield field peas rolled and un-rolled 
Treatment Yield kg/ha 
Parafield 1443 
Kaspa 1589 
Rolled crop (Kaspa & Parafield) 1387 
Unrolled crop (Kaspa & Parafield) 1644 
lsd (P = 0.05) NS 
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Table 48. Harvest height cm of Kaspa and Parafield field peas rolled and un-rolled 
Treatment Harvest height (cm) 
Parafield rolled crop 15.3 
Parafield unrolled crop 20.3 
Kaspa rolled crop 24.1 
Kaspa unrolled crop 29.3 
Due to the small size plot size the demonstration was harvested with a plot harvester consequently 
three sub–plots were harvested for an indicative measure of yield.  It appears that rolling affected yield 
of both Kaspa and Parafield with no statistical difference between varieties or rolled and unrolled crop.  
The field pea yields while not over two tonnes were pleasing in relation to the acidic duplex soil type 
which they were grown on and the practical demonstration of retaining stubble on harvest height.  
Further observations over summer and autumn will be made regarding the plots relative wind erosion 
susceptibility. 
 
Field pea extension – focus on field peas 2005 
Ian Pritchard, Department of Agriculture, Western Australia 
Background 
The WA Seed Net Partners (the major distributors of Kaspa seed) indicated in early 2005 that they 
had on order approximately 2,200 tonnes of Kaspa seed which lead to the following broad 
conclusions, assuming average multiplication rates and amount of seed bought per grower. 
• Approximately 20,000 hectares of Kaspa will be sown in 2005 which has the potential to sow 
200,000 hectares in 2006. 
• There may be up to 1000 new growers of Kaspa in 2005. 
• The area sown to field pea and the number of field pea growers in WA is going to dramatically 
increase in the next 2-3 years. 
With the expected increase in the number of field pea growers in 2005 and total area of field peas, the 
pulse project’s primary aim was to supply information on field pea agronomy and more specifically 
Kaspa agronomy to the WA farming community. 
Note:  AWB Seeds Ltd figures provided at the end of the 2005 season showed over 700 new Kaspa 
growers sowing approximately 1,600 tonnes of seed with 76 per cent of growers from the medium and 
high rainfall zones. 
2005 extension activities 
The 2005 extension year for the pulse extension project commenced in December 2004 with the 
provision of two technical update sessions with Elders and Landmark agronomists. 
In February a plenary presentation was given at the 2005 Agribusiness Crop Updates titled – ‘250,000 
Hectares of Field Pea in WA – Is it Sustainable’ by Larn McMurray, Pulse Research Officer, SARDI 
and Mark Seymour, Pulse Project Manager, DAWA.  The presentation highlighted the experience with 
field peas in South Australia (SA) and the lessons which could be learnt from SA so growers in WA do 
not encounter similar problems. 
2005 saw the release of two new practical guides to growing pulses in the Northern and Southern 
Regions of Western Australia and the release in April of two targeted farmnotes. 
• Kaspa – The agronomic production package for Kaspa field pea. 
• Successfully harvesting semi-leafless field peas – observations and machinery 
setup/modifications from growers harvesting Kaspa. 
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Eight articles were produced fortnightly for a column within the Countryman newspaper commencing 
on 30 June and finishing on 6 October.  Article content concentrated on important agronomic 
information for field pea production, positive solutions to perceived problems or issues in field pea 
production and 2004 and 2005 seasonal issues/results.  The articles were released as press releases 
which were subsequently used by rural papers State-wide. FF On a number of occasions stories 
achieved blanket coverage in the rural press and were picked up by Farm Weekly.  The articles were 
also used for local Department of Agriculture Agmemo articles and Grain Legume News articles. 
Eleven radio interviews were undertaken fortnightly with Radio West Network − Rural Focus with 
Vin Dawes commencing on 26 May and finishing on 13 October.  The interview topics were based on 
the previous week’s newspaper article giving blanket coverage to the rural community.  ABC breakfast 
sessions and country hour picked up various stories through out the year. 
Successfully harvesting semi-leafless field peas CD was released in August 2005 in time for the 
Dowerin Machinery Field Days and the spring field day season.  800 copies of the CD have so far 
been produced with approximately 600 so far being supplied free of charge to 
growers/consultants/advisers in WA and Eastern Australia.  AWB Seeds Ltd have subsequently asked 
permission, which has been given, to produce and distribute copies of the CD in Eastern Australia. 
Pulse project members attended numerous spring field days/walks from Mullewa/Mingenew in the 
north of the State to Salmon Gums/Mt Ridley in the south of the State.  The focus for many of these 
field days/walks was the performance/harvesting of Kaspa in the various rainfall zones. 
A significant focus of the extension work has been in the area of facilitating change or put simply 
helping growers include field peas in their farming system.  Such a focus requires project members to 
change their focus from being just research orientated to a wider all encompassing perspective on 
what are the issues which are important to growers.  This has resulted in the project seeking out 
machinery dealers and manufacturers of harvest equipment (the harvest CD), grower case studies on 
the inclusion of field peas, the attendance of a WA Trade Office adviser at the Second Annual 
Conference on Pulses and Related Industries India Conference, New Delhi India, August 21 2005 to 
forewarn the Indian Market of the anticipated increase in WA field pea production and to receive 
feedback from the Indian Market on Kaspa field peas.  The work, information and materials produced 
providing confidence to growers and industry on the expansion of the WA field pea industry. 
 
Budworm management of semi-leafless field pea 
Mark Seymour, Peter Mangano, Ian Pritchard, Rodger Beermier, Leanne Young and Alan Harrod, 
Department of Agriculture, Western Australia 
Key messages  
• Twice as many sweeps are required when monitoring semi-leafless field pea for budworm. 
• The semi-leafless variety Kaspa responded more consistently to the control of budworm than 
the trailing variety Helena. 
Background 
In 2004 Kaspa growers, in South Australia and Esperance, experienced difficulties in controlling native 
budworm, with high levels of damaged seed.  A number of reasons have been put forward including: 
• Timing of insecticide application in relation to grub infestation. 
• Failure of sampling method in Kaspa crops to reflect numbers of larvae present. 
• Kaspa’s rapid pod growth results in lower residual activity of the insecticides due to the dilution 
of the insecticide as the pod grows. 
• Kaspa’s rapid pod set may result in new pods having no chemical protection. 
• The plant structure with all the pods in the top third of the plant makes Kaspa more susceptible 
to native budworm. 
• Semi-leafless field peas have less leaf material for small larvae to feed on, thus they move onto 
the pods earlier. 
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Kaspa is a determinate variety − it produces flowers and set pods over a short period of time, and 
does not go on to produce multiple branches and multiple flowering nodes later in the season.  Kaspa 
is more determinate than other field pea varieties, such as Helena and Parafield, which pod and flower 
over a longer period of time.  Kaspa being determinate may make it more susceptible than other 
varieties to pea weevil and native budworm because of its shorter flowering and podding period. 
Aims 
• To determine if current monitoring and sampling for based on previous work on trailing type field 
peas (Dundale, Parafield, Helena, etc.) works for Kaspa/semi-leafless field pea. 
• To determine if thresholds (numbers and size) for damage of Kaspa/semi-leafless field pea are 
the same as trailing types. 
Method 
Strip plot design (with 6 replicates).  Whole Plots:  2 varieties (Helena and Kaspa) randomised within 
replicate blocks Sub Plots:  Insecticide spray times – 1 – Nil;  2 - Single spray applied at 1st pod; 
3 - Single spray applied at budworm threshold of 1 grub in 10 sweeps (or per m2 equivalent);  4 –
 Full - Multiple sprays to provide full protection against all insect pests. 
Nil treatment plots had an unsprayed buffer area either side (in effect Nil plots are 3 plots wide) to 
ensure the attraction of the moths to unsprayed plots is not affected by sprayed plots nearby.  Outside 
buffers had the same spray as nearest plot for similar reasons.  Areas outside of trial were not sprayed 
with insecticide for 2 boom widths, and nearby use of misters or planes near trial were avoided by 
having the trial at the Merredin Research Station. 
Event diary:  8 June 2005 − Trial Sown with 75 kg/ha DAP, Sprayed whole trial with Simazine 500 at 
2 L/ha, Spray.Seed 250 at 2 L/ha, Diuron 500 at 1 L/ha;  14 September 2005 Pre Spray Sweep − 
Helena - advanced plants 3 flowers + buds, Older flowers about to reveal first pods, Kaspa - few 
flowers terminal bud about to open to first flowers, No larvae found on plots with random sweeps, 
found one grub in 100 sweeps in buffer, pea Weevil - 2/100 sweeps on crop edge North side, 
5/100 sweeps in West paddock on crop edge;  19 September 2005 Sprayed Fastac 100 at 0.2 L/ha on 
1st pod and Full Treatments of Helena;  29 September 2005 – Sweep - Helena - advanced plants 
have up to 4 pods + full flower sets, Kaspa - flowering on most stems no pods visible yet, weather 
overcast and cool < 20°C, showers earlier damp understorey to crop; 3 October 2005 – Sprayed 1st 
pod and Full Treatments of Kaspa;  11 October 2005 – Sweep - Helena/Kaspa - Nearly all plants 
finished flowering (odd last flower) some with dead terminal flower, full length pods + some 1/4 
formed, most advanced pods (2%) fully formed seed and seed coat swollen with slight change in 
colour, Helena falling over - netted into fall, Kaspa still upright - netted in some direction and into wind;  
12 October 2005 − Fastac 100 at 0.2 L/ha on Threshold and Full Treatment 4 only;  18 October 2006 – 
Sweep - Helena - most advanced pods fully formed and walls changing colour to light tan/green, lower 
leaves dead or dying, Kaspa - most advanced pods fully formed and walls changing colour to light 
tan/green, lower leaves dead or dying weather - fine and sunny 25°C Max;  31 October 2005 – 
Sprayed Fastac 100 at 0.2 L/ha on Full Treatment 4 only;  9th November − yield components taken. 
Results 
Sweeping Kaspa for budworm larvae was approximately half as effective as sweeping Helena 
(Table 49), indicating to monitor for budworm growers may have to sweep 25 times rather than 10 
times before counting number of larvae in their net.  As a result of the inefficiency of sweeping in 
Kaspa the data for Kaspa in Table 50 has been adjusted by multiplying by 2.4. 
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Table 49. Average number of Budworm larvae per m² (3 reps per area) compared to the number of 
larvae per 10 sweeps of Kaspa and Helena at Merredin RSU 
Number of budworm larvae in 
Helena 
Number of budworm larvae in 
Kaspa 
 





13/10/2005 2.3 3.7 1.6 2.0 1.3 0.7 2.4 
19/10/2005 
Area 1 11.3 19.3 1.7 5.3 4.3 0.8 2.1 
19/10/2005 
Area 2 8.3 18.3 2.2 7.0 6.0 0.9 2.6 
Mean       2.4 
Budworm numbers reached the threshold of 1 per 10 sweeps on 11 October by which time both the 
1st pod and full treatment of Kaspa and Helena had been sprayed 8 and 22 days previously.  The 
sprays were effective in reducing budworm larvae numbers.  After the thresholds were met on 
11 October both the Full and Threshold treatments were sprayed on 12 October which gave effective 
control of budworm larvae.  One week later it was also evident that the chemical applied at 1st pod set 
for Helena 29 days previously was still effective in controlling budworm larvae.  A further week later 
budworm larvae numbers had declined naturally and or were harder to sample as the Helena and 
Kaspa crops had started to lodge and were becoming dry and brittle.  This particularly was the case 
for Helena which explains the slighter higher number of larvae found in Kaspa as the crop had not 
lodged as badly, so sweeping was still effective.  All treatments were still effective in reducing 
budworm numbers, but were very close to threshold levels so at this stage it was decided to spray the 
Full treatment again on 31 October.  Subsequent to this, plants had lodged and were quite dry, and 
sampling for budworm was not possible. 
Ryegrass was scattered throughout the trial and crop density was slightly uneven between plots, 
without being related to any treatment imposed, such that both ryegrass and crop density ratings were 
used as covariates in the analysis of variance of grain yield.  This showed a significant variety x spray 
response (p < 0.05), with the grain yield of Helena not responding to insecticide sprays whilst Kaspa 
did.  The spray treatments of Kaspa significantly (p < 0.05) out yielded the unsprayed plots by as 
much as 18 per cent, however there was no significant difference between sprayed treatments with 
spraying at first pod, at a threshold or multiple times being equally effective. 
Whilst the yield of Helena was not affected by budworm the quality of the seed was, with the 
unsprayed treatment having 2 per cent damaged seeds – getting close to being downgraded to 
Milling 2.  Kaspa was more affected with 10 per cent damaged seeds – suitable for feed only (data not 
shown). 
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Table 50. Grain yield and budworm numbers over time at Merredin RSU  




kg/ha 11/10/2005 18/10/2005 26/10/2005 
Helena Unsprayed 1118 3.8 13.0 3.5 
19/9 1st pod 1157 0.0 0.3 0.8 
12/10 Threshold 1194 5.7 0.7 0.7 
19/9, 12/10, 31/10 Full 1158 0.3 0.5 0.2 
 Buffer, unsprayed - 4.7 14.0 3.0 
   Budworm numbers per 24 Sweeps 
Kaspa Unsprayed 1129 4.0 9.2 7.6 
3/10 1st pod 1346 0.4 0.0 0.4 
12/10 Threshold 1273 5.6 1.2 0.4 
3/10, 12/10, 31/10 Full 1248 2.4 0.0 0.8 
 Buffer, unsprayed  3.2 8.0 5.2 
  Mean 1203 3.0 4.7 2.3 
Mean variety Helena 1157 2.9 5.7 1.6 
 Kaspa 1249 3.1 3.7 2.9 
Mean spray Unsprayed 1123 3.9 11.1 5.6 
 1st pod 1252 0.2 0.2 0.6 
 Threshold 1233 5.6 0.9 0.5 
 Full 1203 1.4 0.3 0.5 
 Buffer, unsprayed - 3.9 11.0 4.1 
Prob.      
Variety  0.276 0.800 0.097 0.049 
Spray  0.021 < 0.001 < 0.001 < 0.001 
Variety x spray  0.037 0.225 0.14 0.042 
lsd (p = 0.05)      
Variety  268 2.1 2.6 1.5 
Spray  78 2.4 4.2 1.8 
Variety x spray  153 3.1 5.1 2.8 
 same variety 98 2.7 5.0 3.0 
 same spray 154 2.6 4.2 3.3 
CV%      
reps  2 42 25 50 
rep.row  5 66 75 76 
rep.col  6 47 37 50 
rep.row.col  4 58 73 143 
Project number:  GRDC DAW00100 
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Field pea blackspot disease in 2005:  Prediction versus reality 
Moin Salam, Jean Galloway, Pip Payne, Bill MacLeod and Art Diggle, Department of Agriculture, 
Western Australia 
Key messages 
• The ascospore-load predicted by the Blackspot Manager model at different times of sowing 
agreed well when compared with field observations during the 2005 season at both Merredin 
and Scaddan. 
• Early-May sowing gave lower yield and was associated with high disease severity.  In the 
presence of blackspot there was no penalty in realised yield for delayed sowing up until mid-
June. 
• Impact®, an in-furrow applied fungicide, did not significantly suppress the disease. 
• The model’s prediction may be used as guidance for selecting a suitable time to sow field peas 
in order to reduce both disease incidence and loss of potential yield.  
Principle of blackspot disease management in field pea 
Western Australian researchers have found that windblown spores are the key infection agent 
introducing blackspot infection into field pea crops grown in the State.  The blackspot fungus produces 
ascospores from the previous season’s field pea stubble.  As fungicide control is not economical and 
varieties with resistance to this disease are not available, management of blackspot depends on 
agronomic or cultural practices.  The principal strategy for management of blackspot in field peas, is to 
delay sowing as far as possible towards the end of the sowing window to avoid the majority of 
ascospores falling released from pea stubbles.  A rule of thumb is to delay sowing until at least 50 per 
cent of the ascospores have been released and fallen on barren soil.  This reduces the potential 
blackspot disease level. 
How do we predict ascospore release? 
The Blackspot Manager, developed by the Department of Agriculture, Western Australia, uses the 
pre-season temperature and rainfall to forecast the onset and progression of ascospore dispersal from 
infected field pea stubble.  The model also predicts the incidence and frequency of ascospore release 
during the growing season (Salam et al. 2003).  The model’s predictions are based on the weather to-
date and then projecting forward using historical weather data for a range of potential seasonal 
scenarios.  Prediction of ascospore maturity helps growers to choose a suitable sowing time in order 
to minimise the risk of high numbers of spores falling on emerged crops.  These predictions were 
provided for more than a month in advance in the lead-up to the 2005 cropping season. 
How did the model go with predictions in 2005? 
We tested the model’s prediction of percentage of the potential yearly total of ascospores to which the 
crop would be exposed for four times of sowing of field pea at Merredin and Scaddan during 2005.  To 
validate the model’s predictions, a trial was established at the Merredin Research Station with four 
times of sowing between early-May to mid-June sowing.  In Scaddan, the disease was scored in 
growers paddocks with a range of sowing times during 2005. 
At Merredin, the Blackspot Manager forecast a high ascospore-load during early-May sowing; the 
predicted load decreased when sowing time was delayed (Figure 28).  The model runs suggested that 
the peak level of ascospores could have been avoided by sowing the crop during end-May.  Disease 
severity assessed during podding stage for each times of sowing agreed with the model.  The trial 
results show that Impact®, an in-furrow applied fungicide, did not significantly suppress the disease.  
The yield tended to be slightly higher with mid-May and end-May sowings compared to early-May or 
mid-June sowings (Figure 29).  In this environment potential yield usually declines when sowing time 
is delayed.  The low yield with the early-May sowing appeared to be related to high disease severity.    
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
92 
The blackspot disease forecasts also agreed well actual disease levels observed at Scaddan (Figure 
30).  In this location, disease severity was relatively low compared to Merredin because growers 
sowed the crop late, during the third week of May or even the first week of June.  Nevertheless, the 
differences in disease severity at this site were in the line with predictions from the model. 
Conclusion 
Blackspot Manager can help to understand the impact of season on the epidemiology of blackspot and 
to estimate ascospore-load in relation to sowing time of field pea.  This may help growers to identify a 
suitable time to sow their crop in order to reduce both disease incidence and penalty on potential yield. 
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Figure 28. Predicted percentage of yearly total of ascospores to which the crop would be exposed and 
severity of blackspot disease (0-5 scale), measured during podding stage, on field pea, 
cv. Helena for four times of sowing at Merredin Research Station with and without fungicide 
(Impact® @ 571 mL per 70 kg fertiliser) during 2005. 
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Figure 29. Yield of field pea, cv. Helena for four times of sowing at the Merredin Research Station with 

































































Figure 30. Observed severity of blackspot disease (0-5 scale) measured at pod maturity and predicted 
percentage of the potential maximum number of ascospores to which that the crop would be 
exposed at Scaddan during 2005.  Predicted values are from Blackspot Manager. 
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Pea seed-borne mosaic virus in pulses:  Screening for seed quality defects and 
virus resistance 
Rohan Prince, Brenda Coutts and Roger Jones, Department of Agriculture, Western Australia and 
CLIMA, The University of Western Australia 
Key messages 
• All lentils and faba beans proved highly susceptible to plant infection by PSbMV.  Chickpeas 
were generally of intermediate susceptibility and different field pea genotypes ranged from 
highly susceptible to resistant. 
• Faba bean and chickpea seeds were severely compromised by PSbMV seed coat symptoms 
but damage to field pea seed varied between genotypes and lentils were less affected.  
• Kabuli chickpea seed coat darkening by PSbMV was a particular cause for concern as were 
markings on the seed itself after the seed coat was removed.   
• Field pea breeding lines 2140 and 2128 were identified with potential immunity to PSbMV. 
• A program of cleaning up pulse seed stocks from PSbMV infection is warranted. 
Background 
In the past in Australia, seed discolouration of pulses has usually been attributed to environmental 
staining, insect damage and fungal disease.  However, a common seed-borne disease of pulses 
caused by Pea seed-borne mosaic virus (PSbMV) impairs seed quality inducing defects such as 
necrotic rings and line patterns in seed coats, shrivelling of seed and seed splitting.  This virus disease 
poses a serious seed quality threat to pulses exports, with the potential for rejection or downgrading of 
consignments.  Previous work in WA, showed that PSbMV disfigures seeds of field pea, chickpea, 
faba bean and lentil.  Most severe damage was observed in faba bean.  The seed damage in diverse 
pulses is most obvious in white seeded types.  There is a need to evaluate advanced breeding lines, 
germplasm and commercial cultivars of chickpea, field pea, lentil and faba bean to identify ones 
severely damaged and ones tolerant of seed quality damage caused by PSbMV.  Also, there is a need 
to identify breeding lines, cultivars and germplasm with resistance to infection with PSbMV.   
Method 
A large-scale screening trial was done at Medina Research Station in 2004 to evaluate the 
performance of 6 genotypes each of faba bean, desi chickpea, kabuli chickpea and lentil, and 7 of field 
pea.  The trial design included 6 replicates in single row plots each 3m long.  At either end of each 
row, a PSbMV-infected faba bean plant was transplanted to act as a primary source of the virus.  
Between each infected transplant a healthy faba bean plant was grown to act as a delayed, secondary 
source of virus infection.  Transmission occurred naturally by aphids spreading the virus.  PSbMV 
infection levels were determined by ELISA testing of leaf samples from each plant using PSbMV-
specific antiserum, with individual plants tagged when found to be infected.  Sensitivity rankings (1-9) 
for infection were done once towards the end of the growing period with rankings of 1 for symptomless 
infection up to 9 for death of the plant.  The symptom types present were also recorded.  The seeds 
harvested were examined for susceptibility and sensitivity to viral seed staining and markings, and the 
predominant defects recorded.  With field pea, for some genotypes the amounts of virus transmission 
through seed to seedlings were determined by growing out the harvested seed and testing leaves by 
ELISA using antiserum specific for PSbMV.   
Results 
Plants of the desi and kabuli chickpea genotypes tested had the lowest PSbMV incidences (28-54% 
and 32-51% respectively).  The incidences in faba bean were 75-100 per cent and for lentils 
98-100 per cent.  Field pea genotypes had a wide range of incidences varying from 0 per cent to 
100 per cent. 
From the percentage PSbMV plant infection data, faba beans were all ranked as highly susceptible.  
The foliage of all genotypes was severely damaged by PSbMV infection.  Symptoms included leaf and 
shoot tip distortion, and varying degrees of mottle and stunting.  Of the different pulses, faba beans  
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developed the most severe seed quality defects induced by PSbMV infection.  The predominant seed 
coat defects were necrotic rings, necrotic line patterns, malformation, seed splitting and reduced seed 
size.   
From the plant infection data, the lentil genotypes were all ranked as highly susceptible to PSbMV.  
However, they were the least severely symptom-affected of the pulses, their foliage symptoms being 
only some leaf distortion and a mild chlorosis.  For seed quality defects, they were the least severely 
affected pulse.  Their symptoms were mild necrotic rings and line markings, malformation, darkened 
seed coat and reduced seed size.  
Desi and kabuli chickpea genotypes ranked from moderately resistant to susceptible with no 
statistically significant difference between kabuli and desi types in the number of plants infected.  
However, chickpeas were nearly as severely symptom-affected as faba beans.  The foliage symptoms 
in desi types were tip distortion, leaf distortion, stunting, and mild chlorosis.  Kabuli foliage symptoms 
were similar, but also included mild chlorosis and mild mottle in older leaves.  Seed symptoms were 
darkening of seed coat (kabuli only), necrotic rings, malformation and reduced seed size.  Kabuli seed 
was severely compromised due mainly to the darkening of the seed coat and the dark lines patterns 
and rings showing clearly against the white seed colour background.  Also, these seed coat markings 
were accompanied by markings on the seed itself after the seed coat was removed.  Desi seeds were 
affected at a more intermediate level.   
Field peas varied the most in plant susceptibility with different genotypes in all of the highly resistant, 
moderately resistant, susceptible and highly susceptible categories:  Kaspa, 2193 and Dunwa were all 
highly susceptible becoming 100 per cent infected, 2205 was susceptible with 51 per cent infection, 
2200 was moderately resistant at 31 per cent and genotypes 2128 and 2140 were both uninfected, the 
only two genotypes in the entire trial showing potential immunity.  Foliage symptoms were pallor, faint 
mottle, stunting, and shoot tip distortion.  The predominant seed coat defects induced by PSbMV 
infection were necrotic rings, necrotic line patterns, malformation, seed splitting and reduced seed 
size.  With seed the field peas were mostly less severely affected than the chickpeas.  No seed 
transmission was detected in 2128 or 2140 while for Dunwa and Kaspa the seed transmission 
incidence was 20 per cent.   
Conclusion 
Lentils and faba beans proved highly susceptible to plant infection by PSbMV.  Chickpea proved 
intermediate in susceptibility.  In field pea, breeding lines 2140 and 2128 were identified with potential 
immunity to PSbMV.  These genotypes are of interest to field pea breeders.  The other field pea 
genotypes ranged widely in susceptibility, from highly susceptible to resistant.  Foliage symptoms were 
severe in faba beans and chickpeas, mild in lentils and mostly of intermediate severity in the different 
field pea genotypes.  When the degree of seed quality defects and the relative extent of damage 
caused to the seed of different pulses were determined, faba bean and chickpea seeds were severely 
compromised by PSbMV infection.  This is cause for concern over the potential for rejection or 
downgrading of export consignments.  Kabuli chickpea seed coat darkening by PSbMV was an 
additional quality issue for exports as were markings on the seed itself after the seed coat was 
removed.  The extent of damage to field pea seeds varied widely between genotypes, while damage 
was less in lentil.  These findings suggest that a concerted effort is needed to clean up seed stocks of 
pulses from PSbMV infection.  With field pea breeding for resistance to PSbMV should also be 
undertaken. 
Project number:  GRDC DAW00042 
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Yield losses from sowing field pea seed infected with pea seed-borne mosaic 
virus 
Rohan Prince, Brenda Coutts and Roger Jones, Department of Agriculture, Western Australia and 
CLIMA, The University of Western Australia 
Key messages 
• A survey of commercial field pea seed stocks in early 2005 found levels of PSbMV infection 
ranging from 0.3-23 per cent. 
• In two field experiments in 2005, sowing plots with 6.5 per cent PSbMV-infected seed resulted 
in yield losses of 23-25 per cent. 
• In the same two field experiments, statistically significant yield losses resulted from sowing 
1.2-1.8 per cent infected seed but not seed with 0.3-0.9 per cent infection. 
• Seed should be tested for PSbMV before sowing.  Only sow seed with < 0.5 per cent infection. 
Background 
Pea seed-borne mosaic virus (PSbMV) causes a seed-borne and aphid-borne disease which reduces 
the yield of field pea and damages seed quality.  PSbMV symptoms in field pea are often mild and 
growers are confusing the symptoms caused by PSbMV with those of nutrient deficiency or herbicide 
damage, and as a result are under-estimating its economic impact.  In past surveys in WA, 
commercial seed stocks of field pea were found to be infected with PSbMV, e.g. with the cultivar 
Kaspa when commercial seed stocks were tested in early 2005 levels of PSbMV infection were 
0.3-23 per cent.  The seed-infected plants act as within-crop sources of PSbMV for spread to healthy 
plants by migrating aphids belonging to a range of species.  The consequences arising from sowing 
field pea seed with different levels of PSbMV infection are not known. 
Method 
In the 2005 growing season, field experiments with PSbMV and field pea cv. Kaspa were done at 
Avondale and Badgingarra Research Stations to provide yield loss information.  Plots were sown with 
seed stocks with 0.3 per cent or 6.5 per cent PSbMV infection.  PSbMV-infected faba bean plants 
were transplants into plots sown with 0.3 per cent infected seed at emergence so as to simulate 
0.6 per cent, 0.9 per cent, 1.2 per cent and 1.8 per cent seed infection.  Seed with no PSbMV infection 
was not available so a control treatment consisted of plots sown with 0.3 per cent infected seed that 
were sprayed with insecticide at emergence, 3, 7, 11 and 15 weeks.  Random leaf samples were 
taken from each plot fortnightly to determine PSbMV incidence and the samples tested by ELISA 
using PSbMV-specific antiserum.  All plots were harvested and yield assessed.  
Results 
In plots sown with 6.5 per cent infected seed, PSbMV spread quickly causing symptoms of plant 
stunting, leaf pallor, mild mottle of tip leaves and darkening and discoloration of older leaves.  There 
was noticeable stunting of plants surrounding introduced faba bean infector plants or pea plants with 
seed-borne infection.  Towards the end of the growing season, healthy plants or those with late 
season PSbMV infection had pods that were more mature and larger than those infected early.  Final 
infection incidence increased with the amount of initial seed-borne infection in the seed sown.  At both 
Avondale and Badgingarra, with plots sown with 6.5 per cent infected seed PSbMV infection reached 
98 per cent of plants compared with less than 10 per cent of plants in plots sown with 0.3 per cent 
infected seed, giving yield losses of 23-25 per cent (Figure 31and Figure 32).  At both sites, plots with 
0.3 per cent, 0.6 per cent or 0.9 per cent initial PSbMV infection had significantly greater yields 
statistically than those with 1.2 per cent, 1.8 per cent (yield losses of 15-18%) or 6.5 per cent initial 
infection.    
Conclusion 
This work shows that sowing PSbMV-infected seed of field pea can result in considerable loss in seed 
yield (up to 25% from sowing 6.5% infected seed).  Statistically significant yield losses occurred with 
initial PSbMV seed infection of > 1 per cent but not with < 1 per cent PSbMV seed infection.  As field  
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pea seed stocks of Kaspa and other cultivars are often infected with the virus, it is advisable to get a 
sample of seed tested before sowing so as to avoid the yield losses that arise from using seed with 
> 0.5 per cent PSbMV infection. 
Project number:  GRDC DAW0106 



































Figure 31. Effect of sowing PSbMV-infected seed on yield of field pea cv. Kaspa, Badgingarra. 
A = 0.3 per cent seed infection + Fastac and Confidor spray at emergence, 3, 7, and 11 weeks;  B = 0.3 per cent 
seed infection;  C = 0.6 per cent (0.3 per cent seed infection + 0.3 per cent simulated);  D = 0.9 per cent 
(0.3% seed infection + 0.6 per cent simulated);  E = 1.2 per cent (0.3% seed infection + 0.9% simulated);  
F = 1.8 per cent (0.3% seed infection + 1.5% simulated);  G = 6.5 per cent seed infection.  Bar = lsd. 
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Figure 32. Effect of sowing PSbMV-infected seed on yield of field pea cv. Kaspa, Avondale. 
A = 0.3 per cent seed infection + Fastac and Confidor spray at emergence, 3, 7, and 11 weeks;  B = 0.3 per cent 
seed infection;  C = 0.6 per cent (0.3% seed infection + 0.3% simulated);  D = 0.9 per cent (0.3% seed infection + 
0.6% simulated);  E = 1.2 per cent (0.3% seed infection + 0.9% simulated);  F = 1.8 per cent (0.3% seed infection 
+ 1.5% simulated);  G = 6.5 per cent seed infection.  Bar = lsd. 
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Desi chickpea 
Wayne Parker, Department of Agriculture, Western Australia 
2005 was a very positive year for desi chickpea.  Varieties showing the ascochyta tolerance necessary 
for growing chickpeas in WA have performed well in Crop Variety Testing (CVT) trials across the 
region.  Varieties including Genesis 510, Genesis 90, WACPE 2110 and WACPE 2111 all showed 
good tolerance.  
One negative for the season was site quality for chickpea CVT's.  Issues of salt, boron and water 
logging tolerance were contributing factors to trials performing below expectation this season.  
Genesis 836 received conditional release for WA growers.  The work of Martin Harries, Ivan Wilton 
and Juliet McDonald needs to be commended for enabling this to happen.  Martin assessed the 
variety with an eye on yield and ascochyta tolerance, Ivan ensured chickpea research continued in 
poor times and Juliet organised the bulkup of Genesis 836 seed in 2005.  Without their work it is 
unlikely that Genesis 836 would have been released in Australia.  Prior assessment had been 
conducted in Victoria where the variety was selected from a number of breeding lines from ICRISAT 
(the International Crops Research Institute for the Semi-Arid Tropics).  It will not be released in Victoria 
as it has not got the ascochyta blight tolerance required.  One condition on its release in WA is that 
seed of Genesis 836 can not be supplied to growers east of the State boarder.  There will be enough 
seed from the Genesis 836 bulkup in 2005 to seed at least 750 ha of desi chickpea in 2005.  
One variety that has been noted for its seed size and colour is the kabuli x desi Genesis 090.  It is still 
under a process of evaluation for WA growers, though it is to be released for Victorian growers.  It has 
performed well in 2005 but mostly the result of the long cool finish to the season.  A very late flowering 
variety, it requires a long finish to fill pods.  Indications are that yield of Genesis 090 in average to 
below average seasons may not be economical under WA conditions.  
2006 will see a number of the chickpea faithfuls dip their toes in the water to have another go, to 
herald the beginning of a new era in chickpea.  
 
Breeding highlights  
Tanveer Khan 1,2, Pooran Gaur3, Kadambot Siddique2, Heather Clarke2, Stuart Morgan1and Alan 
Harris1 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
3International Crop Research Institute for Semi Arid Tropics (ICRISAT), India 
There have been significant changes in chickpea breeding in Western Australia over the past 
12 months.  The GRDC sponsored chickpea breeding program that has been in operation for over a 
decade finished on 31 December 2005.  It will be replaced by an arrangement to be managed by Crop 
Variety Testing that will oversee the evaluation of advanced lines from the National Program in WA. 
A new chickpea breeding program specifically targeting desi chickpea in WA started on 1 January 
2005.  The project is based at CLIMA and is partnership between DAWA, UWA, ICRISAT and 
COGGO.  ICRISAT is the foremost centre for desi chickpea breeding internationally and its vast 
infrastructure, genetic resources, laboratory facilities and human resources will greatly add value to 
this project.  Professor Kadambot Siddique is the Project Supervisor.  Dr Tanveer Khan (DAWA) and 
Dr Pooran Gaur (ICRISAT) are Principal Researchers.  The project also incorporates a special node 
for developing germplasm with enhanced chilling tolerance and early flowering.  The primary 
objectives of this project are to develop varieties with increased resistance to ascochyta blight, higher, 
grain yields and improved seed quality.  Other important objectives are combining early flowering with 
chilling tolerance to enhance adaptation in WA; also increasing plant height and reducing lodging.  
Resistance to botrytis grey mould will also be attempted.  Salinity and boron tolerant germplasm 
identified in a separate project will be used as parental lines in this breeding program. 
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In 2005, trials were located at Morawa, Dalwallinu, Merredin and Bolgart.  In addition, ascochyta blight 
screening was done at Medina.  The season had an excellent start with all experiments sown at 
optimum times.  The dry July, however, caused a reduction in dry matter especially at Dalwallinu and 
Merredin.  Multiple frosts occurred at Dalwallinu, Merredin and Bolgart.  Frosts were reflected in the 
yields generally under a ton at these sites whereas yields at Morawa were generally above 2 tons per 
ha. 
Three significant facts emerged from the ascochyta blight screening at Medina during 2005: 
1. It is most likely that it is pathotype 2 of ascochyta blight that is prevalent in WA.  This race is not 
pathogenic on ICC 3996 and ICC 12004 but can attack ILC 482. 
2. Our field screening results for ascochyta resistance correlate well with the screening done in 
growth chamber at ICRISAT. 
3. Our breeding material is progressively getting more resistant; in stage 21 trials (F4/F6 lines) 
59 per cent lines show moderate or greater resistance, in the stage 22 trial (F4/F7) this 
proportion rises to 91 per cent and in WA entries in the 2005 CVT almost all lines have a good 
degree of resistance. 
Over 90 fixed breeding lines developed in WA were tested in advanced breeding trials at four sites.  
Selected moderately resistant and resistant lines are presented in Table 51.  Most breeding lines 
yielded more than Sonali but this may be due to an unusually long growing season that may have 
favoured later flowering lines.  Thirteen lines showed resistance levels equal to or greater than 
Genesis 508 and three were more resistant than Genesis 508.  Forty lines had resistance levels 
greater than Genesis 836.  Of the most resistant lines 98047-2-12 and 98047-2-13 appear promising 
with good yields and average seed quality.  Lines 99104-WA1, 97020-1488, 98317-1015-WA8 and 
98047-2-14 also showed good combination of ascochyta resistance, yield and average to good quality 
seed.  Lines 98317-1032-WA13, 98239-1027-WA1, 98243-1049-WA3 and 98176-2-7 showed 
excellent yielding ability with good quality seed and ascochyta resistance comparable to Genesis 836.  
Line 98081-WA8 showed the above resistance level as well as bold seed with pale seed coat colour.  
Selections from this trial will enter the Crop Variety Testing in 2006. 
Project number:  CGO 3-2004 
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Table 51. Ascochyta blight score (0-9; 9 most susceptible), yield expressed as percentage of Sonali 
yield at Bolgart, Dalwallinu, Merredin and Morawa, 100 seed weight in g (100SW) and seed 
coat colour rating (1-9; 9 is darkest) 
Line/variety Ascochyta score Bolgart Dalwallinu Merredin Morawa 100SW 
Seed
colour 
98047-2-12 4.0 117 100 150 138 15.3 5.0 
98047-2-13 4.5 120 115 117 147 13.6 2.5 
98247-1027-WA10 4.5 84 102 77 136 12.1 3.0 
98238-WA7 5.0 127 116 141 141 15.0 9.0 
99104-WA1 5.0 114 97 150 136 17.0 4.0 
97020-1488 5.0 125 112 129 143 15.8 4.0 
98317-1015-WA8 5.0 114 124 117 137 15.6 3.0 
98342-WA11 5.0 120 97 118 135 13.0 3.0 
98241-1001-WA4 5.0 110 88 122 133 15.0 5.0 
98047-2-14 5.0 120 110 111 130 15.1 5.0 
98247-1027-WA14 5.0 99 109 114 154 12.6 3.5 
98119-1-5 5.0 104 103 109 139 13.3 5.0 
98238-WA9 5.0 98 95 112 138 15.0 5.0 
Genesis508 5.0 117 96 84 132 15.9 5.0 
98247-1022-WA1 5.3 125 108 155 137 16.1 5.0 
98317-1032-WA13 5.3 125 110 153 143 19.4 4.0 
98239-1027-WA1 5.3 136 113 142 143 18.4 4.5 
98238-4-2 5.3 119 107 147 137 12.5 4.5 
97020-1343 5.3 119 94 150 126 19.7 4.0 
97039-1415 5.3 109 112 149 141 15.5 4.5 
98243-1049-WA3 5.3 129 102 139 138 19.5 4.0 
97144-1118 5.3 118 110 137 140 15.8 4.5 
98176-2-7 5.3 117 121 138 151 16.5 2.5 
99262-WA10 5.3 105 112 143 147 15.4 4.5 
99133-WA2 5.3 122 103 134 130 18.0 5.0 
98238-1015-WA2 5.3 136 106 126 148 13.7 5.0 
98081-WA8 5.3 117 99 135 121 21.3 3.5 
98247-1019-WA3 5.3 105 116 132 151 15.3 5.0 
99112-WA1 5.3 106 101 131 139 15.0 5.0 
98119-6-13 5.3 117 108 124 137 13.5 5.0 
Genesis836 5.4 133 109 147 121 18.0 4.0 
Flip94-510C 5.4 120 107 127 128 16.8 4.5 
Flip94-509C 5.4 93 100 138 139 15.5 5.0 
Sonali 5.9 100 100 100 100 17.1 6.0 
Rupali 7.0 101 79 75 84 16.8 2.0 
Sona 7.5 122 93 139 94 17.5 4.0 
Sonali yield (kg/ha)  1004 948 671 1805   
Site mean yield 
(kg/ha)  1170 989 886 2438   
CV %  16.8 8.5 15.2 9.3   
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National chickpea improvement program  
Kerry Regan1, Ted Knights2 and Kristy Hobson3 
1Department of Agriculture, Western Australia 
2Agriculture New South Wales 
3Department of Primary Industries, Victoria 
A new national chickpea breeding program funded by GRDC will commence in January 2006.  The 
2005 season has provided a transitional year to implement some of the new management 
arrangements to allow the new program to commence effectively in 2006.  The involvement of DAWA 
in the Coordinated Improvement of Chickpeas in Australia (CICA) will be limited to the evaluation of 
approximately 80 elite desi chickpea lines at three locations annually, which will be managed through 
the DAWA Crop Variety Testing (CVT) Program.  The Department of Agriculture’s continued 
commitment to chickpea breeding will be through a research alliance with UWA (CLIMA), COGGO and 
ICRISAT to run a program focussed specifically on WA.  This project, separate to CICA, commenced 
in January 2005. 
The CICA Program is coordinated from Tamworth, New South Wales (NSW) with parallel desi and 
kabuli breeding streams in Horsham, Victoria (VIC) and Tamworth, NSW, and collaborators in South 
Australia (SA) and Western Australia (WA).  The major objective of the program is to fast track the 
development of regionally adapted desi and kabuli chickpea varieties.  The program aims to increase 
profitability through increased yield potential and stability, lower production costs and improved seed 
quality.  Breeding efforts will be focussed on resistance to disease, particularly ascochyta blight and 
phytophthora, but also root-lesion nematode, botrytis grey mould and virus), matching phenology to 
regional environments, tolerance to 'hostile' soil factors (salinity and boron), herbicide tolerance, and 
seed quality. 
In 2005, yield evaluation was undertaken at three sites in WA (Merredin, Morawa and Bolgart).  The 
season began well with ideal sowing opportunities, but wet conditions in June, dry conditions in July, 
and cool spring conditions provided a challenging season for chickpea production.  Merredin and 
Bolgart experienced frosts in September and October, which reduced and delayed pod development.  
Across sites, mean seed yield was 747 kg/ha (Table 52).  Sonali performed the best of the commercial 
varieties.  It produced greater yield than Howzat, Genesis 836 and Genesis 090 at Merredin and 
Morawa.  Many of the breeding lines produced significantly greater yield than the commercial 
varieties, which offers excellent prospects for future varieties.  Two breeding lines currently being 
commercialised by the CICA, FLIP94-509C and FLIP94-510C, show resistance to ascochyta blight 
and produced 25 and 22 per cent greater seed yield than Howzat on average across sites.  At Bolgart, 
the kabuli chickpea variety Genesis 090 outyielded the other varieties.  Genesis 090 is a small seeded 
kabuli (approx. 28 g/100 seeds), which has shown wide adaptation across southern Australia. 
Of the breeding lines, 98238-01V4040 produced the greatest seed yield on average across sites 
(Table 52).  This line also produced large seeds, 11 per cent larger than Howzat, and has extremely 
good ascochyta resistance (similar to FLIP94-508C).  The advanced breeding lines, denoted by their 
‘CICA’ number in these trials, are included in the NVT trials in 2005.  The lines CICA0510, CICA0505 
and CICA0509 performed the best across sites. 
The results from S3 and NVT trials will assist in the selection of the most promising breeding lines for 
promotion in 2006 and/or commercialisation. 
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Table 52. Seed yield1 (% Howzat) and mean seed weight (MSW, % Howzat) of the highest yielding 
chickpea varieties and breeding lines in CICA Program evaluation trials in WA 2005 
Variety/breeding line Merredin Bolgart Morawa Mean seed yield MSW 
Genesis 836 (ICCV96836) 88 102 114 102 88 
Genesis 090 (FLIP94-090C) (kabuli) 93 106 102 101 149 
Howzat 100 100 100 100 100 
Sonali (WACPE2075) 108 96 163 121 88 
98238-01V4040 133 146 165 149 111 
98318-01V4048 123 154 144 142 96 
94-121*99V4006 139 128 151 139 79 
97-139B*30-99V4001-01N1050 136 113 157 134 75 
99011-1007 122 105 170 132 118 
CICA0510 (97-438C*98V4002-00V4042) 89 126 171 131 111 
97-139B*30-99V4001-01N1025 132 79 191 131 76 
98238-01V4050 115 136 135 130 94 
99038-1013 143 129 119 129 79 
00084-1151 130 118 138 128 80 
FLIP94-079C (kabuli) 123 126 132 127 117 
CICA0505 (97020-1259) 125 106 154 127 95 
00043-1022 104 142 125 126 90 
FLIP94-509C 122 99 159 125 83 
98238-1156 103 106 164 125 103 
99-450B-30-01V4002 109 133 123 124 95 
CICA0509 (97-438C*98V4002-00V4001) 111 103 161 124 130 
98341-01V4013 106 118 144 123 94 
97-438C*98V4002-00V4043 127 96 152 123 117 
FLIP94-510C 115 113 138 122 81 
CICA0507 (97-438B*98V4002-00V4009) 124 109 135 122 106 
99-450J-09-01V4004 103 107 148 120 104 
CICA0506 (97-132C*62-99V4003) 128 100 137 120 86 
CICA0514 (99071-1001) 112 126 116 119 92 
97-139B*30-99V4001-01N1029 138 80 150 119 83 
94-121*99V4004 126 105 129 119 89 
98343-1029 89 115 146 118 96 
98024-1001 130 114 113 118 96 
97037-1178-1001 117 108 127 117 79 
CICA0503 (97020-1147) 123 103 109 111 85 
CICA0512 (99004-1203) 87 93 136 106 98 
CICA0511 (98003-1002) 101 97 120 106 92 
CICA0508 (97-438C*98V4001-00V4046) 96 88 132 105 112 
CICA0504 (97020-1193) 106 94 118 105 104 
CICA0513 (99025-1004) 84 109 101 100 115 
CICA0502 (96026-1006) 93 116 80 98 92 
CICA0501 (96006-1003) 110 95 78 93 91 
Howzat (SY = kg/ha, MSW = g/100 seeds) 540 807 679 675 18.7 
Mean SY (kg/ha) and MSW (g/100 seeds) 567 848 826 - 18.0 
lsd 5% 172 291 238 - - 
CV% - 17 17 - - 
1 Seed yield analysed using REML statistical methods. 
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Chickpea breeding lines in CVT exhibit excellent ascochyta blight resistance 
Tanveer Khan1,2, Alan Harris1, Stuart Morgan1 and Kerry Regan1,2,  
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Chickpea breeding lines and varieties in the 2005 Cultivar Variety Testing (CVT) trials were included in 
a separate trial to evaluate ascochyta resistance and seed yield in the absence of fungicide 
treatments.  Chickpea entries were sown in 5 row 10 m plots in a randomised block design with two 
replications at the Merredin Research Station.  The seed was sown without any seed dressing 
fungicide and did not receive any fungicide applications during the growing season.  Six weeks after 
sowing a small hand-sized sample of ascochyta infected chickpea stubble was placed in the middle of 
each plot.  Ascochyta blight developed uniformly across all replications and the differences in 
resistance were clearly visible by spring.  A disease nursery, with duplicate entries was also conducted 
at Medina. 
Seed yields showed consistent negative relationship with the level of infection (Table 53).  A number 
of new entries (WACPE2105, WACPE2101, WACPE2106 and WACPE2104) showed an excellent 
combination of ascochyta blight resistance, yield and quality (seed size).  Similar progress in 
ascochyta resistance improvement has been seen in advanced breeding lines in other chickpea trials 
in 2005, painting an optimistic scenario for controlling ascochyta blight using varietal resistance. 
Table 53. Seed yield (SY, kg/ha and %Sonali), 100 seed weight (100SW) and ascochyta blight score of 
chickpea breeding lines and varieties at Merredin and Medina 2005 
Mean ascochyta blight score1 
Merredin Medina Variety/line SY %Sonali 100 SW (g) 
Early Late Early Late 
Flipper 342 82 11.9 6.5 6.3 6.8 6.5 
Genesis508 890 213 13.8 3.0 4.5 4.0 4.8 
Genesis836 989 237 17.0 5.5 3.5 6.3 5.3 
Genesis090 930 223 27.1 2.5 3.5 4.8 5.0 
Heera 131 31 18.3 7.0 8.5 8.0 8.0 
Howzat 346 83 19.5 6.0 7.0 6.5 6.5 
Rupali 435 104 13.3 6.0 5.5 6.5 6.8 
Sona 311 74 17.7 7.0 8.0 7.5 7.5 
Sonali 418 100 16.9 6.0 6.3 5.3 5.3 
Yorker 406 97 18.7 7.0 6.8 6.8 7.0 
Flip94-509C 1233 295 13.9 3.5 3.0 3.5 4.0 
WACPE2105 1167 280 19.8 4.0 4.5 3.3 4.5 
WACPE2101 1166 279 17.1 2.5 3.0 3.5 3.8 
WACPE2102 1149 275 16.8 3.5 4.0 4.0 4.8 
Flip94-510C 1110 266 14.0 3.0 3.0 3.0 4.5 
WACPE2111 1089 261 18.5 3.5 4.0 3.8 4.8 
WACPE2106 998 239 17.4 3.5 4.5 3.0 3.5 
WACPE2104 997 239 15.8 3.5 4.0 3.0 3.5 
WACPE2107 938 225 16.4 4.5 5.3 4.5 5.0 
WACPE2100 920 220 16.5 4.0 5.0 6.0 5.8 
WACPE2103 919 220 18.0 3.5 4.5 3.5 5.0 
WACPE2109 912 218 17.0 2.5 4.0 5.5 5.5 
WACPE2110 884 212 18.6 4.5 4.8 5.0 4.5 
WACPE2108 846 203 16.8 3.5 5.3 5.0 5.5 
Site mean 868       
CV (%) 20       
1 Disease score:  Where 1 = no disease to 9 = dead. 
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Variety evaluation 
Kerry Regan1,2, Tanveer Khan1,2, Jenny Garlinge2 and Rod Hunter2 
1CLIMA, The University of Western Australia 
2Department of Agriculture, Western Australia 
Crop variety testing Stage 4 (S4) trials were conducted at seven sites in 2005.  Two sites suffered 
from frost, which reduced yields at Mukinbudin (mean = 324 kg/ha) and resulted in a variable trial at 
Merredin (CV% = 38).  These trial results have not been presented.  Evaluation included seven desi 
varieties, Genesis 090 (kabuli-type) and 15 promising breeding lines (Table 54).  Seasonal conditions 
were variable in 2005 with ideal sowing conditions, but some sites experienced transient waterlogging 
in June, dry conditions in July and frost, particularly Mukinbudin and Merredin, in September.  Trials 
received the current recommended fungicide management package for ascochyta blight.  
On average, across all sites, Howzat and Sonali ranked the highest for yields of the named varieties 
(Table 54).  Sonali, released for its partial resistance to ascochyta blight and chilling tolerance, 
performed best at Morawa and Mingenew.  Genesis 836, which was released in WA during 2005, 
produced 5 per cent less yield on average across sites compared to Sonali.  The lines FLIP94-509C 
and FLIP94-510C, which exhibit improved ascochyta resistance compared to Sonali, Rupali and 
Genesis 836, are being commercialised through the national chickpea breeding program.  The line 
FLIP94-510C performed well in this series of trials and has shown good potential in previous years.  
Other lines showing good ascochyta resistance and promising yields include WACPE2101and 
98318-3007.  
Table 54. Seed yields1 (% Sonali) from crop variety testing stage 4 trials, 2005 











Sonali  2390 947 3025 1317 1130 1762 (5) 
Flipper  91 52 80 100 112 87 (5) 
Genesis 0902  73 55 69 78 94 74 (5) 
Genesis 508  101 49 81 95 94 84 (5) 
Genesis 836  93 75 84 109 113 95 (5) 
Howzat  101 77 90 115 120 101 (5) 
Rupali  82 67 67 89 101 81 (5) 
Yorker  80 84 80 92 95 86 (5) 
WACPE2101  95 96 102 103 105 100 (5) 
FLIP94-510C  117 61 85 109 121 99 (5) 
98318-3007  99 78 86 107 114 97 (5) 
WACPE2111  - 85 - - 109 97 (2) 
FLIP94-509C  107 61 90 94 130 96 (5) 
WACPE2100  - 71 - - 115 93 (2) 
WACPE2110  92 83 79 109 111 95 (5) 
WACPE2109  - 66 - - 113 90 (2) 
WACPE2108  - 61 - - 113 87 (2) 
WACPE2106  - 85 - - - 85 (1) 
WACPE2104  - 85 - - - 85 (1) 
WACPE2107  - 85 - - - 85 (1) 
WACPE2103  - 83 - - - 83 (1) 
WACPE2105  - 75 - - - 75 (1) 
WACPE2102  - 65 - - - 65 (1) 
Site means  2271 709 2577 1318 1230 1621 
lsd 5% 195 120 110 106 109  
CV % 7 15 4 7 8  
1 Means are adjusted.  Yields presented are from preliminary data analysis.  (N)  Number of sites. 
2 Kabuli-type variety. 
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Desi chickpea varieties for the wheatbelt 
Wayne Parker and Ian Pritchard, Department of Agriculture, Western Australia 
Since the arrival of ascochyta blight in 1999, the face of the West Australian and Australian chickpea 
industry changed forever.  The introduction of chickpea ascochyta blight saw the chickpea industry 
stall at a peak of 70,000 hectares in the late nineties and fall to less than 5,000 hectares in the present 
day.  Prior to 1999, chickpea varieties were released with little or no resistance to ascochyta blight 
such that if these varieties are grown today, regardless of the management package, high yield 
penalties occur.  Ascochyta blight and the subsequent cost of fungicide control has become a major 
hurdle to the large scale re-adoption of chickpea. 
Since 1999 chickpea breeders have refocused on releasing varieties with increased levels of 
resistance to ascochyta blight.  In the years immediately following the outbreak, 1999-2005, all 
varieties have intermediate resistance, the more recent releases being moderately resistant or even 
resistant, but none are immune.  The level of resistance found in these varieties, i.e. Sonali, is such 
that a fungicide management package is necessary to achieve maximum yield.  In the future chickpea 
breeders will release varieties with higher levels of resistance thus decreasing the reliance on the 
fungicide management package.  
Desi chickpea are currently only recommended for medium and low rainfall zones because there is 
high potential for epidemic development of Ascochyta in the high rainfall zones. 
Table 55. Yields from the 2005 season and ascochyta ratings of varieties released since 2000.  Includes 
two breeding lines with potential for naming and release 
Variety/line  Muresk Morawa Mingenew Carnamah Mullewa Variety mean 
Ascochyta 
rating 
Sowing date  24 May 25 May 25 May 27 May 23 May   
Rainfall May-Oct. 313 263 320 261 231   
 Jan-Dec. 361 312 362 297 282   
Howzat   2.41 0.73 2.72 1.51 1.36 1.78 S 
Yorker   1.91 0.80 2.42 1.21 1.07 1.51 MS 
Flipper   2.17 0.49 2.42 1.32 1.27 1.53 MS 
Rupali   1.96 0.63 2.03 1.17 1.14 1.42 MR-MS 
Sonali   2.39 0.95 3.02 1.32 1.13 1.76 MR-MS 
Genesis 0901   1.74 0.52 2.09 1.03 1.06 1.30 MR 
Genesis 836   2.22 0.71 2.54 1.44 1.28 1.67 MR 
Genesis 509   2.56 0.58 2.72 1.24 1.47 1.69 R 
Genesis 510   2.80 0.58 2.57 1.44 1.37 1.74 R 
WACPE21112   0.80   1.23 1.71 R 
WACPE21012  2.27 0.91 3.09 1.36 1.19 1.76 R 
Site mean  2.27 0.71 2.58 1.32 1.23 1.62  
1 Genesis 090 has a kabuli seed type. 
2 Introduced breeding lines. 
S Susceptible, MS - moderately susceptible, MR-MS moderately resistant moderately susceptible, 
MR - moderately resistant, R - resistant. 
Susceptible and Moderately Susceptible (S and MS) 
Varieties require fungicide spraying at three weekly intervals.  Varieties with an ascochyta rating MS 
and S cannot be economically grown under WA conditions.  The fungicide package requires sprays at 
three weekly intervals to suppress the disease.  S-MS varieties will not produce grain without the 
continued fungicide applications if infection develops in the crop.  The potential yield of these varieties, 
under rainfed conditions in WA soils, is not high enough to pay for 3 weekly fungicide applications.  
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Moderately Susceptible–Moderately Resistant (MS–MR) 
Three fungicide applications need to be budgeted, one at 4 weeks after emergence, another 7 weeks 
after emergence.  More applications will be necessary at flowering or podding if disease becomes 
evident in the crop.  Applications of fungicide will be dependant on the level of disease and the 
number of expected rainfall events 
Moderately Resistant (MR) 
Require two fungicide applications.  The first application should be 4 weeks after emergence; the 
timing of the second application will depend on the level of disease at flowering and podding.  If 10 per 
cent of plants are infected and rainfall is expected during podding then a second spray will be 
necessary.  
Resistant (R) 
Insufficient data is available for R rated varieties to determine the number and most effective timing of 
fungicide sprays for these varieties in the target environments.  Testing of these lines continues to 
refine fungicide recommendations. 
 
Large scale demonstration of new chickpea varieties 
Wayne Parker, Murray Blyth, Steve Cosh, Dirranie Kirby and Chris Matthews, Department of 
Agriculture, Western Australia 
Background 
The season of 1999 saw the arrival of ascochyta blight and the decline of the chickpea industry.  Since 
then breeders have developed new varieties with improved disease resistance, which has renewed 
interest in the production of chickpeas.  For the new varieties to be adopted, growers need to be 
confident that they offer adequate ascochyta resistance and profitable yields.  To demonstrate the 
advantages of the new varieties, large scale field trials were undertaken at three sites.  The field trials 
were managed to reflect current grower practice and disease management recommendations. 
Aims 
• To evaluate the yield and ascochyta blight resistance of desi chickpea varieties in large scale 
demonstration plots.  
• To demonstrate the current ascochyta management packages recommended for new chickpea 
varieties.  
Method 
A small plot seeder was used to sow each of the trials.  To achieve a larger plot the cone seeder made 
four passes, wheel on tine, with the same variety.  Plot size was 5 x 50 m at Mullewa and Dalwallinu, 
5 x 40 m at Mingenew. 
The sowing rate used aimed for optimal plant density of 40 plants/m2 for Sonali, Rupali, Genesis 836, 
Genesis 508 and Genesis 510.  For Genesis 090 the aim was to achieve 35 plants/m2. 
All sites had timed fungicide applications. 1.5 L/ha of Bravo was applied four weeks after emergence 
and at podding across all varieties.  Sonali, Rupali and Genesis 836 had an additional application at 
7 weeks after emergence.  
Results 
At Mullewa the short season varieties, Sonali and Rupali, had a high level of pods that had not filled at 
the time of harvest as seed had aborted after pod formation.  Disease was very difficult to find in the 
plots at the Mingenew trial and there was negligible pod infection on Rupali, Sonali and Genesis 
836 in early October.  Emergence was poor for all varieties at Dalwallinu.  Bird damage further 
decreased the plant density in a number of plots.  
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Table 56. Seed yield (SY, t/ha) and plant establishment (plants/m2) of chickpea varieties at Mullewa, 
Mingenew and Dalwallinu 2005 
Mullewa Mingenew Dalwallinu Mean 
Variety 
Plants/m2 SY Plants/m2 SY Plants/m2 SY Plants/m2 SY 
Sonali 33 0.49 44 3.02 17 0.99 31 1.50 
Rupali 35 0.54 50 1.99 23 0.72 36 1.08 
Genesis 836 37 0.95 44 2.07 17 0.98 33 1.33 
Genesis 090 19 0.96 28 2.01 12 0.72 20 1.23 
Genesis 508 29 0.99   23 0.72 33 1.34 
Genesis 510   48 2.3     
Mean 31 0.79 43 2.28 18 0.83   
lsd  0.1  0.14  0.13   
Discussion 
Sonali and Rupali have not yielded well at Mullewa and Dalwallinu where ascochyta infection was 
prevalent.  The three applications of fungicide were not adequate to manage the disease.  
Genesis 510 yielded well at Mingenew.  This is to be the next variety to be released.  It has excellent 
ascochyta blight resistance and will require fewer fungicide treatments.  The assessment to date 
suggests that only one fungicide application will be necessary.  However, further evaluation is required 
in WA.  
Genesis 836 has performed reliably across all sites.  It requires at least two fungicide applications, at 
four weeks after emergence and at podding.  It was released in October 2005 and seed is available 
through Coorow Seeds. 
Acknowledgements 
Thanks to Coorow Seeds for helping with seed supply for these trials. 
 
Ascochyta management with new chickpeas 
Martin Harries, Bill MacLeod, Murray Blyth and Jo Walker, Department of Agriculture, Western 
Australia 
Background 
Ascochyta Blight is a major impediment to chickpea production in Western Australia.  New germplasm 
with better resistance to this disease is now commercially available and varietal and regionally specific 
guidelines for fungicide application are required. 
Method 
The trial was sown on 18 May into a red loam 5 km south of Mingenew.  Three varieties with known 
differences in Ascochyta resistance were included, Howzat, Genesis 836 and Flip 94-510c.  Two times 
of inoculation were used to demonstrate that there will be a real difference in the number and timing of 
fungicide sprays recommended when introduction of Ascochyta is delayed.  The two dates of 
inoculation span the range of dates that the major release of Ascochyta spores could be expected at 
Mingenew, given widely differing seasonal autumn and early winter conditions.  Half of the trial was 
inoculated with diseased stubble on 7 June while the remainder of the trial was inoculated on 29 July.  
Fungicide spraying commenced after the first inoculation. 
Five fungicide spray regimes were tested including a ‘Nil’ unsprayed control to demonstrate the 
intrinsic resistance of each variety to Ascochyta and a ‘Control’ which received fortnightly fungicide 
applications to measure potential yield of each variety.  The remaining treatments were; ‘Early’ a 
single early spray 4 weeks after emergence (1.5 L/ha Bravo on 22 June); ‘Late’ a single spray at  
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podding (1.5 L/ha Bravo on 2 September); and ‘Early and Late’ both sprays as above at 4 weeks after 
emergence and podding.  Disease was scored using an international rating scale.  Healthy disease 
free plots scored as 0 complete plant death scored as 9.  Due to variation within plots two scores were 
given at opposite ends of the plot and averaged.  All plots had lupin buffers between each other to 
reduce cross contamination. 
Results 
Establishment:  Plant densities were lower than the targeted density of 45 plants per square metre and 
differed between varieties (Howzat, 37.9 plants per square metre:  Genesis 836, 43.8; FLIP 94-510c, 
40.8; lsd 2.44***).  Although the achieved densities were lower than the target density, we do not 
expect that this will have reduced the yield potential of any variety under the mild seasonal conditions 
experienced. 
Initial Ascochyta ratings 29 July (Table 57).  There was more disease in Howzat than the other two 
varieties at this assessment (Figure 33 and Figure 34).  Early inoculated plots had more disease than 
late, as expected considering that late inoculation was introduced at this time.  However, there was 
some infection recorded in the late inoculation plots indicating that there was some cross 
contamination.  Fortnightly control had a lower level of Ascochyta than all other regimes.  The one 
early spray and one early plus one late spray treatments were effectively the same at this time, 
because the late spray had not been applied.  These treatments had significantly lower Ascochyta 
than the one spray late and nil treatments, which were also effectively the same at this time.  There 
was an interaction between inoculation time and variety.  Both Howzat and Genesis 836 had 
significantly higher Ascochyta under early infection compared to late, Flip-510c did not.  An interaction 
between spray regime and variety also occurred.  With one early fungicide application Howzat had 
more Ascochyta than both Genesis 836 and FLIP 94-510c.  Ratings of the two treatments that were 
unsprayed at this time, Nil and late spray only, differed slightly.  Under the one late spray treatment 
FLIP 94-510c had significantly lower Ascochyta than the other two varieties however; in the nil 
treatment Genesis 836 rating was not significantly different from FLIP 94-510c. 
Final Ascochyta ratings 17 October (Table 57 and Figure 35):  Ascochyta differed between varieties, 
Howzat highest and FLIP 94-510c lowest.  Spray regime affected disease with the control suppressing 
Ascochyta compared to all other spray treatments.  The two spray regime reduced Ascochyta 
compared to either of the one spray treatments and the Nil.  Early inoculation treatments carried 
significantly higher Ascochyta than late infected treatments.  There was an interaction between spray 
regime and variety.  Howzat was most responsive to spray regime.  The control and Nil were 
significantly different to other spray regimes, lower and higher respectively.  Regardless of whether 
Howzat was sprayed with one early, one late or two fungicides Ascochyta still developed to scores of 
4.5 to 4.9 (lsd *0.57).  Genesis 836 ratings for the control, early spray and two spray regimes were all 
statistically the same.  The late spray only and nil treatments had higher levels of Ascochyta than the 
other spray regimes.  Flip 94-510c was the least responsive variety to spray regime.  All spray regimes 
had similar disease ratings.  Howzat and Genesis 836 had more disease when inoculated early, 
Flip 94-510c did not.  Averaged across varieties all spray regimes apart from the control had 
significantly higher Ascochyta ratings with early inoculation.  The difference between the final 
Ascochyta scores of early and late inoculations for Howzat, Genesis 836 and FLIP 94-510c were 1.9, 
0.6 and 0.1 respectively.  This shows that the more susceptible the variety the greater the benefit from 
delaying the onset of disease.  Conversely more resistant varieties will be more forgiving should farm 
hygiene be less than ideal. 
Yield (Table 57 and Figure 36):  The potential yields of the three varieties, under the frequent fungicide 
spray program, were similar.  Howzat 2.46 t/ha, Genesis 836 2.21 t/ha and FLIP 94-510c 2.37.Howzat 
suffered the greatest yield loss when Ascochyta was not controlled with fortnightly fungicide sprays.  In 
contrast, FLIP 94-510c produced similar yields to the potential yield treatment under any one or two 
fungicide spray regime, however, yield was lower in both early and late inoculated treatments when no 
fungicide was applied.  Genesis 836 suffered yield loss when no fungicide was applied and in most 
instances when only one fungicide spray was applied.  
Inoculation time averaged across all other treatments affected yield with early inoculation yielding 
1.69 t/ha compared to 1.93 t/ha with late inoculation.  Early inoculation averaged across spray regime 
had a greater impact on the yield of the more susceptible varieties than late inoculation.  Howzat yield 
was significantly reduced when inoculated early compared to inoculated late, 0.96 and 1.42 t/ha.   
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Genesis 836 had a yield decrease from 2.36 to 2.04 t/ha with early inoculation compared to late.  FLIP 
94-510c yield remained stable, 2.36 and 2.30 t/ha across inoculation times.  This is consistent with 
Ascochyta ratings. 
Summary  
Yield losses of Howzat were very high unless the plants were protected fortnightly with fungicides.  
This was most obvious with early inoculation.  Howzat plots not sprayed with fungicide after early 
inoculation yielded only 13 per cent of plants given fortnightly fungicides (Table 57 and Figure 34).  
Even when Howzat was subjected to lower disease pressure, by later inoculation, yields were low 
when left unsprayed, 27 per cent of the frequently sprayed control.  Severe Ascochyta damage was 
observed in unsprayed Howzat plots as shown by Ascochyta ratings (Table 57 and Figure 33). 
Yield and Ascochyta resistance of Genesis 836 was impressive, however, under severe pressure, with 
early infection and no or only one late fungicide application, yields declined to 56 per cent and 83 per 
cent of the frequently sprayed control respectively.  At the end of the season approximately 10 per 
cent of plants in this high disease situation had minor stem infection and some pod infection.  As well 
as yield reduction this level of disease would pose an increased risk of seed born infection, if the seed 
was sown.  Under lower disease pressure in the late inoculation plots Ascochyta infection was still 
detected and the yield of the unsprayed treatment was 74 per cent of the frequently sprayed control. 
FLIP 94-510c maintained lower Ascochyta disease ratings than Genesis 836 in the high disease 
pressure, early inoculation plots.  There was only a small reduction in Ascochyta disease severity due 
to the fungicide spray regime regardless of inoculation time (Table 57 and Figure 34).  Disease 
severity was approximately doubled in unsprayed plots compared to frequently sprayed plots, 
although the Ascochyta severity of all plots of this variety were low (Table 57 and Figure 33).  Yields 
were similar to control in all treatments of this variety except those left unsprayed (Table 57). 
Conclusion 
This experiment demonstrated that if low levels of disease are introduced early they do have a 
significant effect on yield of all chickpea varieties, even the most resistant available, in the absence of 
an appropriate fungicide spray program. 
Each variety tested requires a different fungicide management strategy.  Moderately susceptible 
varieties such as Howzat must have frequent fungicide applications.  
Intermediate to moderately resistant varieties such as Genesis 836 must have two applications, 
including a prophylactic application 4 weeks after emergence, to reduce risk of yield loss and disease 
build-up in seed.  
Resistant varieties similar to FLIP 94-510c may only require one fungicide application to give 
adequate control of Ascochyta at Mingenew.  Further trials will be needed to ascertain if the 
prophylactic early fungicide application, four weeks after emergence, can be replaced by fungicide 
application at the first appearance of Ascochyta.  
Moderately susceptible and intermediate varieties must have an early fungicide application 4 weeks 
after emergence.  This minimises the build up of disease in the crop which can transfer to seed and 
stubble.  Infection in both seed and stubble will provide a higher disease pressure on subsequent 
chickpea crops and, therefore, a higher cost of producing those crops.  Resistant varieties need 
further evaluation but it may be possible to spray at the first appearance of Ascochyta, provided that 
the disease is identified promptly.  It is also likely that cheaper, less effective, fungicides will provide 
adequate control of Ascochyta.  Growers could be much more confident of profitable chickpea 
production if Ascochyta could be effectively managed with a wider range of fungicides and without the 
requirement for prophylactic fungicide applications. 
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Figure 33. Ascochyta infection of Howzat with early infection and no fungicide application on 29 July. 
 

































































































Figure 35. The effect of variety, inoculation time 
and spray regime on final Ascochyta 
ratings. 
Figure 36. The effect of variety, inoculation time 
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Table 57. Ascochyta ratings and yield (kg/ha) 
Variety Spray regime Inoculation time +Asco. 29/7 Asco. 17/10 Yield  % Control 
Early 4.33 6.33 0.627 25 
Late 5.67 5.67 0.671 206 
Early & Late 4.33 5.00 0.671 206 
Control 1.67 1.50 2.509 772 
Howzat 
Nil 6.00 7.00 0.325 100 
Early 0.67 1.50 2.639 107 
Late 1.00 1.67 2.336 95 
Early & Late 0.50 1.50 2.686 109 
Control 0.33 1.00 2.466 100 
FLIP 94-510c 
Nil 1.00 2.00 1.687 68 
Early 1.00 2.00 1.86 90 
Late 4.00 3.17 1.731 83 
Early & Late 1.00 2.17 1.86 90 




0.33 2.50 1.168 56 
Early 1.00 3.50 1.291 53 
Late 1.33 3.83 1.55 64 
Early & Late 1.00 3.83 1.385 57 
Control 1.00 1.00 2.423 100 
Howzat 
Nil 2.67 3.75 0.464 19 
Early 1.00 1.50 2.466 109 
Late 0.67 1.83 2.401 106 
Early & Late 0.00 1.33 2.661 117 
Control 0.33 1.17 2.272 100 
FLIP 94-510c 
Nil 1.00 1.25 1.745 77 
Early 0.33 1.67 1.947 83 
Late 1.00 1.83 2.012 86 
Early & Late 0.00 1.83 2.185 94 




1.00 1.83 1.731 74 
lsd Variety 0.45*** 0.26*** 0.23***   
lsd Spray regime 0.57*** 0.33*** 0.30***   
lsd Inoculation time 0.36*** 0.21*** 0.19**   
lsd Variety x spray regime 0.10*** 0.57*** 0.52***   
lsd Variety x inoculation time 0.63* 0.36*** 0.33*   
lsd Spray regime x inoculation time 0.81* 0.47** 0.42*   
lsd Variety x spray regime x inoculation time 1.41* 0.81* 0.73*   
+ International Ascochyta rating scale 0 = no disease 9 = all plants dead. 
*** = p < 0.001; * = p < 0.05;  ns = not significant. 
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Management of ascochyta blight in improved chickpea varieties 
Bill MacLeod1, Colin Hanbury2, Pip Payne1, Martin Harries1, Murray Blyth1, Tanveer Khan1,2, 
Kadambot Siddique2 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Immediately after the outbreak of ascochyta blight of chickpea in WA in 1999?, field experiments were 
conducted to produce a fungicide management package for the susceptible chickpea cultivars that 
were grown at the time.  In recent years we have been working to develop cheaper, but robust, 
Ascochyta management packages which require fewer fungicide sprays than previously 
recommended.  These have been made possible through the development of more resistant varieties 
through Australian chickpea breeding programs. 
In parallel with fungicide management research, epidemiology research has also been progressing to 
ensure that recommended fungicide timings will be protecting the crop from wind-borne spores as well 
as seed-borne sources.  This data has been used to validate the ‘Chickpea Blight Appraisal’ model, 
which will provide growers with a prediction of when ascospore showers are likely to occur.  This will 
enable time of sowing and fungicide spray applications to be optimised to reduce the risk of yield 
limiting levels of ascochyta blight.  
During 2005 trials were established to examine fungicide management of ascochyta in new 
moderately resistant kabuli and desi chickpea varieties.  These trials continue and expand on a series 
of trials run during 2000 to 2004.  The dry conditions experienced during July 2005, and the improved 
resistance of the varieties used, limited the build-up of ascochyta in these trials.  All plots trials were 
inoculated with infected trash recovered from an infected paddock at the end of 2004.  As in previous 
years, 2 pieces of infected stubble were placed at predetermined locations in each plot (equivalent to 
a seed transmission rate of about 0.1%), but in 2005 a few plants of the susceptible variety Sona were 
sown adjacent to the stubble to both indicate that the inoculation was successful and to increase the 
duration and strength of the inoculum source. 
The four trials in 2005 compared the yield under several disease control programs of improved desi 
and kabuli chickpea varieties only.  The susceptible varieties such as Sona or Kaniva were not 
included because, without frequent fungicide sprays, these varieties become heavily infected and act 
as an on-going source of disease within the trial.  
Kabuli chickpea trials 
Kabuli trials were established at 2 high rainfall sites, Northam (Centre for Cropping Systems; H3/M3) 
and Greenough River flats about 25 km north of Dongara (H1).  The sowing date and fungicide 
application rates and dates are given in Table 58.  All seed was treated with P-Pickel-T. 
The two varieties included in these trials (Nalfice and Almaz) were released by CLIMA in 2005 
following development through international collaborative projects.  Both are moderately resistant 
(MR) for ascochyta blight and produce bold, bright seed.  These varieties were previously assessed in 
replicated management trials in 2004, the yields from both 2004 and 2005 are shown in Table 58. 
As these varieties are moderately resistant to Ascochyta blight, a 3 weekly fungicide spray program 
was not necessary to estimate potential yield.  The experiments in 2004 established that no more than 
2 fungicide sprays of chlorothalonil (Bravo®) would be required to achieve effective control in these 
varieties.  However, a 4 spray program with an early spray 4 weeks after emergence was included to 
estimate potential yield for each site (dates and details in Table 58).  It was not considered necessary 
to evaluate fungicide spray programs of mancozeb or 3 sprays of chlorothalonil in 2005, these 
programs were evaluated in 2004 and were shown to not be economically efficient.   
The most conspicuous result from these four kabuli chickpea trials is the very good yields achieved at 
Dongara during both years.  The yields were much lower at Beverley and Northam in both years in 
spite of taking advantage of an early sowing opportunity in 2005.  There were no yield differences 
between the fungicide programs during 2004 nor at Northam in 2005.  However, the trial at Dongara in 
2005 shows that yield loss will occur when no fungicide is applied.   
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For moderately resistant kabuli varieties we will continue to recommend 2 fungicide sprays be applied.  
The first spray at 4 weeks after emergence to prevent the development of Ascochyta blight from seed 
or airborne spores.  A second spray should then be applied after flowering to protect grain yield and 
quality if ascochyta is evident in the crop. 
Table 58. Yield of kabuli chickpea varieties in response to six fungicide (Bravo; 720 g/L chlorothalonil) 
application regimes for experiments conducted in the northern and central high rainfall zones 
in 2004 and 2005 
Northern high rainfall Central high rainfall 












Variety     
Nafice (Flip97-503) 2.56 2.54  0.60 
Almaz (Flip97-530) 2.57 2.64 0.71 0.74 
Flip97-537D   1.06  
lsd 5% NS (0.05) NS (0.38) 0.68 NS (0.34) 
Fungicide programs     
Potential yield (all sprays) 2.63 2.69 0.95 0.62 
2 sprays (1 & 2 Bravo) 2.52 2.55 0.88 0.63 
2 sprays (1 & 3 Bravo) 2.57 2.58 0.96 0.67 
2 sprays (1 & 4 Bravo) 2.57 2.63 0.82 0.69 
1 Spray (Spray 1 only)  2.60  0.74 
0 Sprays (Nil)  2.49  0.65 
lsd 5% NS (0.23) 0.12 NS (0.27) NS (0.16) 
Dates and details of sowing and foliar fungicide applications.  
Dongara 2005 Northam 2005 
Spray timing 
Sown − 25 May Sown – 9 May 
4 weeks PE 29 June − 1.5 L/ha Bravo 20 June − 1.5 L/ha Bravo  
7 weeks PE 18 July – 1.0 L/ha Bravo 5 July − 1.5 L/ha Bravo  
Flowering 9 August − 1.5 L/ha Bravo 5 September − 1.5 L/ha Bravo 
Podding 13 September - 1.5 L/ha Bravo 5 October − 1.5 L/ha Bravo 
Desi chickpea trials 
Trials were also conducted to further evaluate recently released, and soon to be released, improved 
desi chickpea varieties, at 2 medium rainfall sites; Merredin Research Station (L3) and Mingenew 
(M1).  The sowing date and fungicide application rates and dates are given in Table 59, the fourth 
fungicide spray at podding was not applied at Merredin as dry conditions rendered it unnecessary.  As 
with the kabuli trials, all seed was treated with P-Pickel-T and the disease inoculation equivalent to a 
seed transmission rate of about 0.1 per cent was used. 
The disease levels in these two trials were comparable with the levels which developed in similar trials 
conducted in 2004.  Again disease levels were prevented from developing to the maximum that could 
be expected for these environments by the dry conditions experienced in July 2005.  Nonetheless, 
Genesis 508 (in 2004 experiments as Flip94-508C) and Genesis 836 were demonstrated to be more 
resistant to ascochyta blight than Sonali.  As in 2004 experiments, Genesis 508 was shown to be less 
well adapted than Sonali, to the low rainfall, short season environment at Merredin. 
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It was evident in Sonali at Mingenew in 2004 that a 3 fungicide spray program was required to 
maximise yield in the presence of Ascochyta.  A three fungicide spray program was not included in 
these experiments and consequently yield losses of up to one tonne were observed in Sonali with two 
fungicide spray programs at Mingenew.    
At both Mingenew and Merredin a secondary trial was conducted with Genesis 508 alone, as this is 
the most resistance desi variety available.  In neither of these secondary trials, nor in the main trials 
was there a statistically significant yield penalty in either of the Genesis varieties where only a single 
fungicide spray, or even no fungicide spray, was applied.  
The results from these trials suggest a modification to the previously recommended fungicide 
packages for management of Ascochyta in desi chickpea.  In the medium rainfall northern region, a 
three fungicide spray package needs to be budgeted for varieties with intermediate resistance 
(e.g. Sonali), i.e. two fungicide sprays, approximately 4 weeks and 7 weeks after emergence, plus a 
subsequent spray at flowering if Ascochyta is evident in the crop.  For varieties with moderate 
resistance (e.g. Genesis 836) in the same environment a two fungicide package needs to be 
budgeted, i.e. one fungicide spray approximately 4 weeks after emergence, plus a subsequent spray 
at flowering if Ascochyta is evident in the crop.  In the low rainfall central region an early fungicide 
spray (4 weeks after emergence) is recommended for all chickpea varieties, however, the necessity of 
subsequent sprays is not clear.  In the experiments reported here it would appear that subsequent 
sprays are not required for varieties with either intermediate or moderate resistance.  However, high 
levels of Ascochyta did develop in varieties with intermediate resistance in a chickpea variety trial at 
Merredin Research Station in 2005 to which more than one fungicide spray had been applied.  
Table 59. Yield of 3 desi chickpea varieties in response to fungicide (chlorothalonil)  application 




Yield (t/ha) Treatment 
Sonali G-836A G-508 A Sonali G-836 A G-508 A 
Potential yield (all sprays) 2.58 2.28 2.37 0.84 0.75 0.63 
2 sprays (1 & 2 Bravo) 1.58 2.14 2.14 0.93 0.86 0.57 
2 sprays (1 & 3 Bravo) 1.77 2.16 2.18 0.80 0.83 0.67 
2 sprays (1 & 4 Bravo) 1.80 2.20 2.15    
1 Spray (1 only Bravo) 1.15 2.02 1.84 0.87 0.80 0.55 
1 Spray (1 only mancozeb)   2.10B   0.61 B 
0 Sprays (Nil)   2.16 B   0.58 B 
lsd 5% 0.51 0.18 
Variety mean 1.77 2.16 2.14 0.86 0.81 0.59 
Dates and details of sowing and foliar fungicide applications. 
Mingenew Merredin 
Spray timing 
Sown − 26 May Sown – 30 May 
4 weeks PE 28 June (5 JulyB), 1.5 L/ha Bravo or 2 kg 
mancozeb 
7 July, 1.5 L/ha Bravo or 2 kg mancozeb 
7 Weeks PE 18 July, 1.0 L/ha Bravo  29 July, 1.0 L/ha Bravo 
Flowering 9 August, 1.5 L/ha Bravo  28 September, 1.5 L/ha Bravo 
Podding 31 August (13 SeptemberB), 1.5 L/ha Bravo Not applied 
A G-836 = Genesis 836; G-508 = Genesis 508. 
B Data from adjacent but separate trial incorporated using common treatments for comparison. 
To achieve the greatest profit from chickpea over a number of seasons, we believe that an initial 
fungicide spray at 4 weeks after sowing is required for all varieties.  This spray will minimise spread 
from seed-borne infection and minimise infection by air-bone spores.  Maintaining low disease this 
year will minimise the disease pressure on subsequent crops and therefore the need to for more than  
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one fungicide spray in future crops.  Additionally, for the cheapest fungicide management program, 
growers of both kabuli and desi chickpea must also observe other aspects of the chickpea 
establishment package.  That is, selecting a paddock that is remote from where chickpeas were grown 
the previous year (both on their own and their neighbour’s properties) and which has not grown 
chickpeas for at least 3 years, then sowing during the recommended time determined by yield and 
disease risk considerations.  
Project number:  DAW00106 
 
Botrytis grey mould of chickpea 
Bill MacLeod, Department of Agriculture, Western Australia 
Botrytis Grey Mould (BGM) of chickpea is caused by Botrytis cinerea.  It becomes apparent in spring 
when the chickpea crop flowers and warm, humid conditions prevail.  Chickpeas with vigorous 
seedling growth, which achieve canopy closure in mid-winter and flowering by late- winter, are most 
likely to develop BGM.  Serious epidemics of BGM occurred in desi and kabuli chickpea crops during 
1997 and 1998.  During 1999, BGM developed in some chickpea crops late in the growing season and 
caused significant damage.  This was also the first season that ascochyta blight (Ascochyta rabiei) 
occurred in WA crops.  Since 2000 the disease has been observed infrequently in all chickpea 
growing area in Australia, probably due to a combination of the drier seasons and extensive fungicide 
spraying for ascochyta blight control.  The reduced frequency of chickpeas crops in Ascochyta prone 
areas has also reduced the amount of BGM infected stubble which might initiate the disease in new 
crops. 
With the release of Ascochyta blight resistant varieties of chickpea, and the associated reduction in 
fungicide sprays, BGM may again become a problem in the northern agricultural region during 
favourable seasons.  Research to understand the survival and spread of this disease and to identify 
varieties that are more resistant to BGM is in progress.  This should lead to the development of 
improved management packages for BGM that will compliment the improved Ascochyta blight 
management packages.  
Since the occurrence of Ascochyta blight in WA, it has become impossible to do BGM field screening 
of germplasm without the risk of an outbreak of Ascochyta in the trial.  This problem has been 
overcome through a collaborative project with Bangladesh funded by the Australian Centre for 
International Agricultural Research (ACIAR).  Bangladesh is an ideal partner in this project as BGM 
occurs in chickpea crops annually and often these outbreaks are severe, but they do not have 
Ascochyta blight.  The project has achieved three years of field screening of chickpea germplasm at 
two sites in Bangladesh and a fourth screening trial is currently in the ground and will be assessed by 
April. 
The first two years of screening of chickpea genotypes in Bangladesh identified a substantial number 
of genotypes with potentially useful resistance to BGM.  Field screening was again carried out at two 
sites (Jessore and Ishurdi) in Bangladesh in the 2004-05 growing season.  About 220 genotypes were 
screened including 25 new entries from the chickpea breeding programs at DAWA and 41 new entries 
from Tamworth, NSW.  
Both BGM nurseries were initially exposed to natural BGM infection and then from about flowering 
additional disease pressure was created by inoculating with B. cinerea spore suspensions.  The 
disease development was accelerated at Jessore by regular hand watering when the site became dry 
due to lack of rainfall.  At Ishurdi, additional moisture and humidity was provided by overhead mist 
irrigation.  Both sites developed high disease pressure which has allowed discrimination of lines which 
have improved resistance to BGM (Table 60).  This is unlike previous years in which the disease 
development at Jessore has been low and only allowed discrimination of the most susceptible lines. 
One of the more pleasing aspects of the BGM screening in Bangladesh to date, is that 20 lines which 
were retested from the 2003-04 nursery were again shown to be moderately resistant.  Among these 
lines is the variety Howzat which had previously been shown, by testing in Australia, to be among the  
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most BGM resistant varieties.  Other lines among the best 20 lines of current interest to Australian 
growers are: 
• WACPE2095 – released as the desi variety Rupali by DAWA/CLIMA. 
• ICCV96836 –released as the desi variety Genesis836 by DPI, Victoria. 
• FLIP97-530 CLIMAS – released during 2005 as the kabuli Almaz by CLIMA. 
Table 60. Number of entries in botrytis grey mould disease reaction classes for field screening at two 











Ishurdi 0 27 102 69 22 
Jessore 0 0 107 98 1 
Project number:  ACIAR CIM/2001/039 
 
Kabuli chickpea 
Kerry Regan, Department of Agriculture, Western Australia and CLIMA, The University of Western 
Australia 
Kabuli chickpea has mainly been grown in the northern and mid-west parts of the WA cropping region, 
although there are areas in the Avon Valley and parts of the South Coast and Great Southern that are 
suitable for the crop.  Kabuli chickpea production in WA has been difficult since the arrival of 
ascochyta blight in the late 1990s because existing varieties, such as Kaniva, are very susceptible to 
the disease.  To a large extent, recent production of kabuli chickpea has been almost limited to the 
Ord River Irrigation Area in WA.  In this region, the crop is grown under irrigation during the dry season 
(April-September) and the environment is not conducive to the development of ascochyta blight. 
Kabuli chickpea seed is sought for whole seed consumption in confectionery products, salads, 
savouries or ground into paste (hommous); hence the appearance of the seed is an important 
characteristic that can affect marketability and price.  Seed size and colour largely determine kabuli 
chickpea prices, especially when supply exceeds market demand.  Seeds greater than 8 mm diameter 
are generally sold at a premium over smaller seeds, while prices for seeds that are less than 7 mm 
may be similar to those for desi chickpea.  Although varietal differences influence seed size, large 
seeds are more likely to be produced in areas with 400-700 mm annual rainfall, deep fertile soils and 
mild spring conditions favourable to seed filling.  Economic yields of kabuli chickpea with large seed 
size are unlikely to be achieved on a regular basis in lower rainfall areas. 
Two new ascochyta blight resistant varieties, Almaz and Nafice, were commercially released in 2005.  
Almaz and Nafice exhibit improved ascochyta resistance, seed yield and seed quality (seed size) 
compared to Kaniva.  These new varieties should prove to be a profitable pulse option and offer good 
opportunities for growers in the medium to high rainfall regions of WA. 
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New ascochyta blight resistant, high quality kabuli chickpea varieties 
Kerry Regan1,2, Kadambot Siddique2, Tim Pope2 and Mike Baker1 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Ascochyta blight, caused by Ascochyta rabiei, has caused widespread yield losses in chickpea in 
Australia and a rapid decline in the area of production.  The Australian chickpea industry is largely 
based on desi chickpeas, however there is a potential to increase the area of production of kabuli 
chickpea up to 200,000 ha with the availability of disease resistant varieties.  Kabuli chickpea 
crossbred lines and commercial varieties from the International Centre for Agriculture in the Dry Areas 
(ICARDA) in Syria, the Aegean Agricultural Research Institute (AARI) in Turkey, and Australia were 
screened for resistance to ascochyta blight and agronomic traits in Turkey during 1998 and 2001 
(GRDC funded CLIMA project).  More than 2000 breeding lines and varieties were screened for 
reaction to ascochyta blight and agronomic characteristics (e.g. phenology, plant morphology, seed 
size and colour) and more than 300 superior lines exhibiting ascochyta resistance were selected and 
introduced to Australia.  To fast track the superior ascochyta resistant kabuli chickpea lines for 
commercial release, the Council of Grain Growers Organisation (COGGO) funded a CLIMA project to 
undertake agronomic and seed quality evaluation, disease screening and seed production in Australia.   
The initial quantity of seed introduced to Australia was less than 50 seeds of each crossbred line 
(initially grown in a quarantine glasshouse), therefore evaluation was limited to agronomic adaptation 
in small field plots in WA (Bindoon).  Further evaluation was more extensive, expanding from one field 
scale replicated yield trial in 2002 at Dongara (WA), eight sites across southern Australia in 2003 and 
2004, and three sites in WA and multiple interstate National Variety Testing (NVT) trials in South 
Australia (SA), New South Wales (NSW) and Victoria (VIC) in 2005.  Disease screening for ascochyta 
blight was initially undertaken in SA, VIC, and NSW where the disease had established by 1998.  
Disease screening continued at interstate locations in 1999 and 2000, and in WA between 2002 and 
2005 after the disease had spread through the Western Region.  Seed quality (mean seed weight, 
seed colour and seed size distribution) of promising crossbred lines were measured in agronomic and 
yield evaluation trials.  Seed production of the most promising crossbred lines commenced by 
selecting single plants from plots at Bindoon between 1999 and 2001.  Further bulk-up of the best 
crossbreds continued in WA under irrigation at Carnarvon during 2001, 2002 and 2003, at Deepdale 
(near Geraldton) in 2003 and 2004, and at Kununurra in 2004 and 2005.   
The major outcome of the project has been the release of two new varieties, Almaz (tested as 
FLIP97-530-CLIMAS) and Nafice (tested as FLIP97-503-CLIMAS), in 2005.  The new varieties are 
significantly more resistant to ascochyta blight, and have improved seed yield and seed size 
compared to Kaniva (Table 61)..  Almaz and Nafice produce seed 17 and 20 per cent heavier than 
Kaniva, respectively and produce a larger proportion of seed greater than 9 mm in diameter.  Both 
varieties have similar seed colour and cooking quality to Kaniva.  Almaz and Nafice are protected by 
Plant Breeders Rights (PBR) and seed is available through COGGO Seeds. 
The current project is funded until July 2006.  Yield evaluation, disease screening and seed quality 
measurements have also identified other crossbred lines with good potential for Australian conditions 
and there is the prospect of one additional variety being commercialised from the project in the next 
two years. 
Table 61. Ascochyta blight (AB) rating, mean seed yield (SY), mean seed weight and seed size 
distribution for Almaz and Nafice kabuli chickpea varieties 
AB Mean SY2 Mean seed weight3 Proportion of seed (%)3 
Variety 
Rating1 (kg/ha) % Kaniva mg/seed > 9 mm 8-9 mm 7-8 mm < 7 mm 
Almaz MR 1269 117 39 38 43 15 4 
Nafice MR 1093 120 40 52 34 11 3 
Kaniva VS - 100 34 24 46 23 7 
1 AB rating:  VS = very susceptible;  S = susceptible;  MS = moderately susceptible;  MR = moderately resistant;  
R = resistant. 
2 Mean seed yield calculated from 17 yield evaluation trials 2002-2005 (only data from two sites available for 
2005).  Kaniva not included in trials in 2005, hence omitted from mean. 
3 Mean seed weight:  Mean of 15 trials between 2002-2004.  Seed size distribution:  Mean of seven trials 
between 2002-2004. 
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Crop production and disease management of Almaz and Nafice 
Kerry Regan and Bill MacLeod, Department of Agriculture, Western Australia and CLIMA, The 
University of Western Australia 
Almaz and Nafice are most suited to areas with an annual rainfall of 400 to 700 mm to attain good 
seed size and an economic yield.  Deep, free draining soils of medium to fine texture with a neutral to 
alkaline reaction (pH greater than 6.0 in calcium chloride) are ideal.  The pH should increase with 
depth (greater than 10 cm) in soils with a surface pH of 6.0 to 6.5.  Kabuli chickpea has poor tolerance 
to waterlogging and is highly susceptible to sodicity (salinity) with up to 50 per cent yield reduction 
occurring at 30 mS/m.  Excellent soil types for kabuli chickpeas have been identified around Dongara, 
Mingenew, the Avon Valley and parts of the South Coast and Great Southern.  
Crop production 
Sowing depth 
Sow to a depth of about 5 cm into a firm, moist seedbed to ensure rapid germination and minimise risk 
of fungal infection of seeds.  Deeper sowing will also minimise damage to germinating seeds by 
reducing the risk of contact between herbicides applied immediately before and after sowing with 
seed.  Do not sow into dry soil, because weeds will be difficult to control, crop emergence will be 
patchy and staggered, and rhizobium on slurry inoculated seed dressed with fungicide will die.  
Sowing rate 
Aim to achieve a plant density of 25-35 plants/m2.  The lower range of plant density is most suited to 
sites with high yield potential where greater plant densities will result in a dense, humid canopy that is 
conducive to the development of botrytis grey mould. 
Seed treatment 
Kabuli chickpea seeds have a thin seed coat which lacks the phenolic compounds found in the seed 
coats of desi chickpeas.  These compounds act as fungal inhibitors and reduce the incidence of 
moulds on the germinating seeds caused by a range of common soil-borne fungi.  Therefore, kabuli 
chickpea seed needs to be treated with an appropriate fungicidal seed dressing, such as P-Pickel T®, 
before sowing.  Fungicide application to the seed will also reduce seed transmission of fungal 
diseases such as botrytis grey mould and ascochyta blight.   
Inoculation 
Always inoculate with Group N inoculum prior to sowing.  If using slurry inoculum, inoculate fungicide-
treated seed as close as possible to the time of sowing to reduce the toxic effect of the fungicide on 
the rhizobia.   
Time of sowing 
Kabuli chickpeas are only recommended for sowing in the medium and high rainfall areas of the 
northern, cental and southern agricultural regions.  Sowing is delayed in the high rainfall zone to 
manage disease development in the longer growing season environment.  In the northern agricultural 
region, sowing is recommended between 25 May to 10 June in the medium and 1 to 15 June in the 
high rainfall area.  For the central agricultural region, sowing is recommended between 25 May to 
15 June in the medium and 1 to 20 June in the high rainfall area.  In southern medium to high rainfall 
regions, sowing is recommended from 5 to 20 June. 
Weed management 
Kabuli chickpeas are poor competitors with weeds, particularly broad-leaved weeds such as radish, 
mustard, capeweed and doublegee.  Paddock selection and pre-emergence weed management is 
essential for a successful crop.  Do not sow chickpeas into a pasture paddock.  There are many 
herbicides registered for weed control in chickpea (Table 62).  Minor use registration for other 
herbicides may be current and these can be viewed on the Pulse Australia website at 
www.pulseaus.com.au.  
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Table 62. Registered herbicides for use with kabuli chickpea crops (2005) 
Application time Herbicide 
Pre-sowing Cyanazine (Bladex®), Simazine 50% flowable. 
Incorporate at sowing Pendimethalin (Stomp®), Triallate (e.g. Avadex®), Trifluralin (400 ai/L). 
Post sowing pre emergent Isoxaflutole (Balance®), Simazine 50% flowable, Metribuzin (Lexone). 
Post-emergent Flumetsulam (Broadstrike®), Pyridate (Tough®), Fusion®, Select®, Motsa®, Fusilade®, Verdict®, Correct®, Shogun®, Targa®, Aramo®, Sertin®. 
Insects 
Kabuli chickpeas can tolerate red-legged earth mite, lucerne flea and aphids.  The crop is susceptible 
to native budworm damage from flowering to pod fill.  The crop will need to be sprayed with an 
appropriate insecticide if caterpillars are present and pods have started to form.  Regular monitoring 
using a sweep net will help determine if the crop needs to be sprayed.  An insecticide application will 
be necessary if one caterpillar is found in 10 sweeps of the crop.  Synthetic pyrethroids are most 
effective for native budworm control and will prevent reinfestation for up to six weeks after application. 
Disease management 
The most important disease affecting chickpeas in Western Australia is ascochyta blight, practices 
which minimise the risk from ascochyta also minimise the risk from the botrytis grey mould, which is 
another foliar disease to have caused major losses in WA chickpea crops in the past. 
Paddock selection 
Keep a three year break between chickpea crops in the same paddock and equally importantly ensure 
that you sow new chickpea crops at least 500 m from any paddock (yours or your neighbours’) in 
which chickpeas were grown in the previous season.  Chickpea stubble and disease spores can be 
blown hundreds of metres, or even kilometres. 
Seed  
Test your seed for both germination and ascochyta infection.  Do not sow seed if the ascochyta 
infection level is above 0.25 per cent.  All kabuli seed should be treated with a fungicide seed 
dressing; this will reduce the transmission of seed-borne fungal infections and also help to protect the 
emerging seedling from soil-borne pathogens and seedling rots. 
Variety 
Almaz and Nafice are much more resistant to ascochyta blight than other large seeded kabuli 
varieties.  Additionally, Almaz was less susceptible to BGM than the majority of chickpea varieties in 
screening conducted in Bangladesh. 
Fungicide timing 
Where crops have been established following the above recommendations, both Almaz and Nafice will 
require only 2 or 3 strategic fungicide sprays (chlorothalonil 720 g/L applied at 1.0-2.0 L/ha) instead of 
the regular spray schedule previously recommended.   
Four weeks after emergence an early prophylactic spray is recommended to contain the spread from 
any ascochyta blight infections caused by wind blown spores from last year’s stubble, seed borne 
infections or infected trash that has been carried into the paddock. 
A second spray should be applied at full flowering to protect the developing pods and minimise the risk 
of reduced quality. 
A third spray may be required during pod filling if ascochyta blight becomes evident in the canopy 
during podding. 
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Faba bean 
Mark Seymour, Department of Agriculture, Western Australia 
About 8 to 10 thousand hectares of faba beans were sown in WA in 2005 with most being sown in the 
medium to high rainfall areas of the southern agricultural region.  Early rains provided an opportunity 
for growers to sow their beans in April.  The early start combined with a prolonged wet period in the 
Great Southern had many farmers ruing the fact they did not have bean seed to grow beans in 2005. 
In mid September Botrytis/chocolate spot appeared in many crops.  This was the first year since the 
mid-late 1990s that chocolate spot was so widespread and so aggressive, and many crops lost leaves 
at the bottom to middle of the canopy.  The infection though aggressive was quite late in the year, and 
most crops had already set pods and a mild long spring and no late rust infection allowed most of the 
pods to fill.  Therefore crops yielded quite well – in the range of 2-3 t/ha.  However it is a salient 
reminder to growers, researchers and breeders of the importance of good chocolate spot 
management via rotation, fungicide management and variety choice. 
Cercospora continues to appear in many crops, particularly in the Dongara region, and is increasingly 
being looked at by plant breeders, evaluators and pathologists throughout Australia. 
There were only a few bulkup crops of Farah in WA in 2005, and it appears likely many growers in the 
south will look at Farah as a viable alternative to Fiesta.  WA growers were unable to source any Cairo 
seed due to the very high demand in NSW.  In 2006 we anticipate faba bean growers in the northern 
agricultural region to evaluate Cairo on their farms. 
In 2006 the National Faba bean Improvement Program (NFBIP) released a new variety Nura.  This 
variety has slightly better disease resistance, but is quite short in stature, late flowering, and is 
considered a long season variety.  It has not yielded well in WA trials prior to 2005, and is likely to be 
only suited to high rainfall southern districts if at all. 
From mid 2006 Mark Seymour took over from Dr Peter White as the coordinator of NFBIP in WA.  Tim 
Pope (CLIMA) remains the key technical officer for the project in WA. 
Key messages  
• Growers in the NAR should consider Cairo. 
• Growers in the SAR should consider Farah. 
• Nura has not yet found a place in WA. 
• NFBIP is actively looking for faba bean varieties more suited to WA conditions via an extensive 
series of trials throughout regional WA. 
 
Germplasm evaluation – faba bean 
Mark Seymour1, Tim Pope2, Peter White1, Martin Harries1, Murray Blyth1, Rodger Beermier1, Pam 
Burgess1 and Leanne Young1 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Background 
The total area cropped to faba bean in WA expanded rapidly in the early 1990s reaching a peak of 
about 40,000 ha in 1997.  Disease (chocolate spot) epidemics and a series of dry seasons 
subsequently caused the area to fall to less than 10,000 ha.  The release of Fiesta, a variety with 
improved chocolate spot resistance, and better disease management strategies has since seen a 
modest recovery in the faba bean industry.  Nevertheless, at its current level the industry is well below 
its medium term potential of over 100,000 ha in WA.   
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There are two centres for breeding faba bean in Australia:  Adelaide, SA and Narrabri, NSW.  
Germplasm from both these centres is evaluated in WA.  The aim is to develop varieties with 
resistance to chocolate spot, ascochyta and rust, the three main faba bean diseases, as well as 
increased yield and yield stability.  Fiesta is now the most widely grown faba variety in WA and has 
become the standard against which improvements in disease resistance and yield are measured.  
However, Fiord will produce higher yields than Fiesta in WA in disease free situations. 
Germplasm was evaluated in Stage 2 (S2), Stage 3 (S3) and Stage 4 (S4) trials at several locations.  
The S2 trial was situated at Bindoon and involved 185 lines; mainly crossbreds obtained directly from 
the breeding centres in Adelaide and Narrabri.  Stage 2 trials are mainly used for seed multiplication 
and results are not presented here.  Stage 3 trials were conducted at Dongara, Merredin, Katanning 
and Scaddan.  About 120 lines were evaluated at each site.  Inclusion of lines in trials was dependant 
on the availability of seed.  More lines originating from NSW were included at Dongara and Merredin, 
while more lines from SA were included at Katanning and Scaddan.  About 75 per cent of the lines 
were common across sites.  All lines were evaluated for a range of plant characteristics but, only data 
on seed yield of the highest 20 yielding lines, plus current varieties are presented here (see Tables 46 
to 47).  
Stage 4 trials were located at Dongara, Mingenew, Bolgart, Kojonup (analysed as 2 trials as two reps 
ended up 50m away from the remainder of trial on a different soil type) and Esperance.  Five current 
varieties plus four lines that produced high yields in S2 and S3 trials in 2004 were included.   
Key messages from stage 4 trials 
• FiestaAR*(IC*AS)/3 did well at southern sites but not in the north.  It has good ratings for 
ascochyta resistance. 
• At the majority of sites Fiord was amongst the lowest yielding varieties, with the notable 
exception of Mingenew which had very low disease pressure. 
• Nura which is a new release with improved disease resistance, short in height, late flowering 
variety was the highest yielding variety at EDRS – a high rainfall southern site, and in two reps 
of the Kojonup trial, but was disappointing elsewhere. 
Key messages from stage 3 trials 
• SP98002 and 735*683/15 were the two top ranked lines, performing particularly well at 
Merredin and Katanning.  SP98002 is slightly earlier flowering than most released varieties and 
performed creditably at Mingenew in the Stage 4 trial. 
• 1270*278/10, 974*(611*974)/42 and 483/5 are three lines being considered for multiplication by 
NFBIP due to improved ascochyta resistance and good seed characteristics.  1270*278/10 did 
well at most sites, and was ranked equal 3rd overall, and did particularly well at Scaddan.  
974*(611*974)/42 did well at the southern sites – ranked 7 and 5 at Scaddan and Katanning.  
Both lines performed well in 2004 trials. 
• 483/5 tended to do better at northern sites in both the Stage 3 and 4 trials. 
Project numbers:  Mark Seymour, DAWA CF funds (GPA) and Tim Pope, GRDC UA00079 
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Results 
Table 63. Grain yield (% of Fiord, with Fiord yield in t/ha) and ranking of faba bean varieties in stage 4 trials throughout Western Australia in 2005 
Bolgart 
Sown 25 May 
Dongara 
Sown 27 May 
Kojonup wet site 
reps 1 & 3 
Sown 20 May 
Kojonup hill site 
reps 2 & 4 
Sown 20 May 
Mingenew 
Sown 18 May 
EDRS 
Sown 18 May Line 
GY Rank GY Rank GY Rank GY Rank GY Rank GY Rank 
Mean of 
rankings 
FiestaAR*(IC*AS)/3 112 1 100 6 102 1 104 2 84 5 132 2 3 
Cairo 101 4 104 1 101 2 105 1 84 7 112 4 3 
483/5 103 3 104 1 98 8 103 4 93 3 103 7 4 
Fiesta 104 2 100 8 99 7 103 3 84 6 119 3 5 
Farah 101 5 102 3 101 4 101 6 76 8 112 5 5 
Nura 101 6 90 9 101 3 101 7 73 9 139 1 6 
SP99068 98 9 102 4 101 5 100 8 87 4 112 6 6 
SP98002 100 7 101 5 95 9 101 5 95 2 97 9 6 
Fiord 2.7 8 3.6 6 2.2 6 3.0 9 2.8 1 2.0 8 6 
Standard error 4%  3%  5%  3%  4%  10%   
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Table 64. Grain yield (% of Fiord, with Fiord yield in t/ha) and ranking of faba bean varieties in stage 3 trials throughout Western Australia in 2005 
Dongara 
Sown 17 May 
Katanning 
Sown 26 May 
Merredin 
Sown 6 May 
Scaddan 
Sown 1 June Line 
% of Fiord Rank % of Fiord Rank % of Fiord Rank % of Fiord Rank 
Across site 
ranking 
SP98002 105 42 120 2 100 2 109 21 1 
735*683/15 109 21 124 1 86 63 111 14 1 
1*30/1-09 117 2 116 4 91 29 110 18 2 
1*30/1-16 114 9 112 12 94 13 114 9 2 
1270*483/20 105 41 119 3 88 42 107 33 2 
1593 104 43 113 9 90 36 110 15 2 
483*1270/25 106 31 114 7 85 67 117 4 2 
Farah 107 29 113 8 82 78 115 6 2 
974*611*974/42 103 48 115 5 83 77 115 7 2 
1*30/2-03 100 65 115 6 95 8 104 40 2 
1270*278/10 112 11 100 35 96 5 123 2 3 
1*30/2-42 113 10 113 10 81 82 104 41 3 
AF02042 117 3 108 18 83 75 108 29 3 
1*30/2-40 107 30 108 17 100 1 102 43 3 
1*25/2-15 107 26 106 20 93 16 99 60 3 
974*(611*974)/26 107 25 111 13 84 73 101 50 3 
AF02020 105 37 109 15 88 43 108 25 3 
AF02018 114 7   91 24 105 37 3 
AF02010 103 51 97 42 95 10 118 3 3 
AF02044 98 74 112 11 85 68 110 17 3 
278*1270/40 109 22 99 37 87 59 110 19 3 
AF02002 103 50 105 23 89 38 116 5 3 
FIESTAAR*IC*AS/2DAW02-13 116 4 99 36 91 25 111 12 3 
AF02058 102 55 109 14 86 64 102 44 3 
1447/1 83 102   75 95 127 1 4 
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Table 64 continued … 
Dongara 
Sown 17 May 
Katanning 
Sown 26 May 
Merredin 
Sown 6 May 
Scaddan 
Sown 1 June Line 
% of Fiord Rank % of Fiord Rank % of Fiord Rank % of Fiord Rank 
Across site 
ranking 
(IC*AS)*FIESTAAR/4 110 17 108 16 93 14 101 48 4 
Cairo 104 46 102 28   108 28 4 
AF02054 94 83 104 26 88 45 100 55 4 
611*722/3 103 49 104 24 66 104 108 30 4 
1505/1 100 63 97 43 77 94 113 10 4 
AF02067 109 19 104 25 94 12 91 86 4 
1269*483/20 97 78 107 19 87 55 105 36 4 
1*30/2-20 110 15 97 44 88 48 115 8 4 
1*22/1-14 101 61 105 21 91 23 96 72 4 
683*834/18 98 75   87 57 109 20 4 
1*30/2-52 114 8 95 51 71 102 105 35 4 
FIESTA 99 67 103 27 89 40 104 39 4 
AF02043 91 91 105 22 80 89 107 32 4 
1288/1/DAW43 107 27 99 38 90 30 111 13 4 
SP95054/DAW02-07 110 14 93 53 92 21 110 16 5 
FIORD (t/ha) 2.5 66 1.7 33 2.7 3 2.5 53 5 
1*30/2-31 109 18 93 54 96 7 108 26 5 
AF02007 110 16 98 40 93 19 102 45 5 
1*30/2-19 101 59 102 29 100 4 94 78 5 
1*29/2-06 98 70 100 32 93 18 102 46 5 
FiestaAR*(IC*AS)/3 107 28     101 49 5 
AF02021 106 33 93 56 88 47 109 22 5 
1*21/1-13 106 35 96 48 82 80 105 34 5 
IC*AS7/2 92 88   90 33 108 27 5 
1499/1 104 44   90 35 100 54 5 
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Table 64 continued … 
Dongara 
Sown 17 May 
Katanning 
Sown 26 May 
Merredin 
Sown 6 May 
Scaddan 
Sown 1 June Line 
% of Fiord Rank % of Fiord Rank % of Fiord Rank % of Fiord Rank 
Across site 
ranking 
AF02009 97 80 96 46 82 79 109 23 5 
1103/3 108 24 100 34 82 81 92 85 5 
AF02069 106 36 95 49 87 49 91 87 5 
483*683/6DAW02-12 104 45 97 41 87 50 103 42 5 
IX61/1-97 102 56 96 47 92 22 99 57 5 
AF02005 95 82 99 39 89 37 99 58 5 
1*32/1-04 115 6 91 62 85 65 98 66 5 
482*1038/30 101 58 101 31 91 27 89 96 5 
AF02038 100 62 102 30 80 86 98 67 5 
AF02060 101 60   81 85 99 56 5 
974*611*974/21 105 39 95 50 81 84 93 80 6 
1149/4 89 97   81 83 109 24 6 
IX64/3-35 103 47 86 69 93 15 100 52 6 
1*32/1-15 105 38 94 52 79 92 94 79 6 
483/5 111 13 91 60 87 58 98 63 6 
1420/2 121 1 90 63 87 52 89 94 6 
482*1038/26 94 85   84 70 100 51 6 
1321/DAW02-09 97 79 93 55 87 56 98 65 6 
IX64/1-11 100 64   89 39 94 77 6 
IX71-39 102 57   96 6 92 83 6 
AF02030 91 93 97 45 86 61 98 61 6 
1324/3 91 92 91 61 79 91 104 38 6 
1*29/1-32 111 12 84 73 88 44 107 31 6 
SP99068 102 52 88 65 91 28 93 81 6 
278*1270/35 106 32   84 72 95 75 6 
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Table 64 continued … 
Dongara 
Sown 17 May 
Katanning 
Sown 26 May 
Merredin 
Sown 6 May 
Scaddan 
Sown 1 June Line 
% of Fiord Rank % of Fiord Rank % of Fiord Rank % of Fiord Rank 
Across site 
ranking 
AF02061 102 54 89 64 93 17 97 68 6 
1*25/2-11 93 86 91 59 95 9 95 74 6 
1446/1 105 40   89 41 89 92 6 
1532/5 99 69 92 57 74 96 89 93 6 
MANAFEST 91 90 91 58 79 93 95 76 6 
1269*483/6 106 34 80 75 80 88 113 11 6 
AF02028 109 23 85 71 80 87 97 70 6 
IX58/1-23 109 20 85 70 87 53 98 64 7 
AF02074 98 72 87 67 74 97 98 62 7 
IX63/2-14 96 81   88 46 90 91 7 
552 98 76 85 72 74 98 97 69 7 
IX66/2-7 102 53 86 68 83 74 91 89 7 
IX73/2-32 98 71   87 54 84 99 8 
916/1 97 77 78 78 86 60 99 59 8 
1445/3 90 95 80 74 90 31 92 84 8 
AF02040 92 89 74 81 86 62 102 47 8 
IX58/1-21 99 68 80 76 93 20 93 82 8 
227/1 94 84 77 79 90 34   8 
1477 89 96   59 105 96 73 8 
AF02023 98 73 73 82 79 90 96 71 8 
316/1 73 107 87 66 66 103 89 97 8 
832/3 93 87   73 100 85 98 9 
1443/1 83 104 79 77 73 101 91 88 9 
1555/1 115 5 70 85 91 26 79 101 9 
IX52/2-16 90 94 77 80 85 69 78 103 9 
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Table 64 continued … 
Dongara 
Sown 17 May 
Katanning 
Sown 26 May 
Merredin 
Sown 6 May 
Scaddan 
Sown 1 June Line 
% of Fiord Rank % of Fiord Rank % of Fiord Rank % of Fiord Rank 
Across site 
ranking 
IX60/1-84 89 98 71 83 94 11 91 90 9 
IX52/2-8 85 100 70 84 87 51 78 102 9 
IX66/1-39 84 101 64 89 84 71 89 95 10 
IX52/2-6 88 99 64 88 85 66 64 105 11 
IX52/2-28 83 103 59 90 83 76 80 100 11 
631 77 106 66 86 74 99 78 104 12 
NARBON BEAN 82 105 65 87 90 32 51 106 13 
Overall standard error of difference:  GY = 13 per cent and for Mean ranking = 1 
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Factors affecting seed coat colour of faba bean during storage 
Syed Muhammad Nasar-Abbas1, Julie Plummer1, Kadambot Siddique2, Peter White 3, D. Harris4 and 
Ken Dods4. 
1The University of Western Australia 
2CLIMA, The University of Western Australia 
3Department of Agriculture, Western Australia 
4Chemistry Centre 
Background 
Australia is now one of the largest exporters of faba beans.  Colour of seed testa is important in 
marketing of faba bean for human consumption.  The canning industry prefers faba beans that are 
light brown because these turn a light golden colour when canned.  Discolouration of faba bean also 
reduces its value.  Consumer associates dark seed colour with old seed and so dark seed is 
unacceptable to the unprocessed as well as canning market.  On average 25 per cent of faba bean 
production is down-graded to stock feed due to discolouration and this represents a loss of more than 
$50 per tonne to the grower.  Storage conditions like temperature, moisture, light, air, etc. might be 
affecting storage discolouration in faba bean.  Efforts have been made to investigate these factors to 
overcome the problem. 
Method 
To investigate the problem the following experiments were carried out: 
1. Effect of storage temperature and time on the colour stability in faba beans 
Good colour (beige/light brown) and healthy faba bean seeds (free from insect damage, visible viral or 
fungal attack or broken testa) of cv. Fiesta were sorted out manually for use in the experiments.  The 
moisture contents of seed samples were maintained at 12 per cent.  Seed samples (3 x 25 g) were 
placed in polyethylene lined foil bags (10 x 10 cm) and sealed using an impulse heat sealer.  The bags 
were placed in plastic storage boxes and stored at 5, 15, 20, 25, 30, 37, 45, 50 or 60oC (± 2oC) in dark.  
Samples were analysed for moisture content (weight gain/loss of the bag) and seed coat (testa) colour 
at 0, 0.5, 1, 2, 3, 4, 6, 8, 10 and 12 months of storage.  Seed coat colour was determined by a chroma 
meter by taking L*, a*, b* values.  Total colour difference after each storage interval has been 
measured using the L*a*b* colour coordinates and expressed as ∆E*ab, the unit of colour difference 
given by National Bureau of Standards (NBS).  
Samples were also analysed for their phenolic contents after one year storage as mostly, phenolic 
compounds have been reported to be involved in discolouration processes in seeds.  To find out any 
correlation of phenolic compounds with discolouration in faba bean, seed testae were separated from 
seeds manually and analysed for total phenolics, total tannins, and proanthocyanidins by using 
standard methods. 
2. Effect of seed moisture content on the colour stability in faba bean 
Moisture contents of the samples were modified to 8, 10, 12 and 14 per cent by dehydration over silica 
gel or rehydration in a 75 per cent RH chamber.  Initial and final seed moisture contents were 
determined by applying the air-oven method.  Samples (3 x 25 g) were placed in bags and sealed as 
above.  Samples were analysed for moisture content (weight gain/loss of the pack) and testa colour at 
0, 0.5, 1, 2, 3, 4, 6, 8, 10 and 12 months storage interval.  Seed coat colour was determined and 
expressed as given above.  
3. Effect of light on the seed coat colour 
Seed samples (3 x 25 g) with 12 per cent SMC were placed in bags and sealed as above.  For the 
samples to be stored under light, bags (10 x 10 cm) were prepared from a transparent polyethylene 
sheet whereas polyethylene lined foil bags were used for packaging of the samples to be stored in 
dark.  The bags were placed under direct artificial light in a cool room at 20 ± 2oC.  The light intensity 
(Photosynthetic Photon Flux) was measured to be 350 µ mol m-2 s-1 by a Quantum Meter (QMSW, 
Apogee Instruments, USA).  Samples were analysed for moisture content (weight gain/loss of the 
pack) and testa colour at 0, 0.5, 1, 2, 3, 4, 6, 8, 10 and 12 months storage interval.  Seed coat colour 
was determined and expressed as given above.  
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4. Effect of Modified Atmosphere Packaging (MAP) on the colour stability in faba beans during 
storage 
Seed samples (25 g each) were packed in thick (300 µm) polyethylene bags (10 x 10 cm) and sealed 
with the help of an impulse heat sealer.  Air from the bags was removed with the help of a syringe 
needle attached to a vacuum system and then the required gas (CO2, N2, O2 or Ethylene) from 
commercially available gas cylinders was filled in to the bags through the same needle followed by 
immediate sealing.  The samples packed in bags filled with air acted as control.  After MAP 
treatments, the packs were placed in plastic storage boxes and stored at 30oC (adverse storage 
temperature) in dark.  Samples were analysed for changes in seed coat (testa) colour at 0, 0.5, 1, 2, 3, 
4, 6, 8, 10 and 12 months storage interval as detailed above.  
Results and discussion 
Storage temperature and time demonstrated pronounced effect on the colour of faba bean (Figure 37).  
The higher the temperature the faster was the rate of change in colour.  It changed from beige/light 
brown (initial colour) to medium brown in samples stored at lower temperatures (≤ 25oC) but it 
changed to dark reddish brown to almost black in case of samples stored at higher temperatures 
(≥ 37oC).  Statistical analysis revealed a significant (p ≤ 0.05) influence of both temperature and time 
on ∆E*ab values.  The samples stored at ≤ 25oC retained their colour in acceptable range (according to 
the data collected from local and foreign grain handlers and exporters/importers by personal 
communication) for marketing for one year.  
Seed moisture content (SMC) has also been found to be one of the major factors that effect colour 
darkening process (Figure 38).  Higher the seed moisture content the faster was the darkening 
process (Figure 38).  Samples having 8 per cent SMC were less susceptible to discolouration as 
compared to others having 10, 12 and 14 per cent SMC.  Samples having 8 per cent SMC showed a 
change of 27 points in ∆E*ab values after 12 months storage where as samples having 10, 12 and 
14 per cent SMC exhibited the same level of change in just 8, 6 and 3 months respectively (Figure 38).  
Figure 39 reflects the effect of light on the colour darkening process (changes in ∆E*ab values) in faba 
bean.  Light caused a substantial increase in colour darkening process.  The samples stored under 
light darken much faster than those stored in dark.  Light caused a testa colour darkening in less than 
one month equal to the colour darkening occurred in 12 months in samples stored in dark at the same 
temperature (20 ± 2oC).  Statistical analysis reveals a highly significant (p ≤ 0.01) difference between 
samples stored in dark and those stored under light. 
The results presented in Figure 40 indicate that as compared to the control (air), vacuum packaging 
and CO2 did not found to have an effect in reducing the colour darkening process.  N2, on the other 
hand, found to be effective in reducing the colour darkening whereas O2 was found to be accelerating 
the colour darkening process.  The results conclude that some oxidative type of chemical reactions are 
involved in colour darkening process in faba bean which can be controlled to some extend by 
packaging with N2.  
Analysis of phenolic constituents reveals that there was a continuous and significant (p ≤ 0.05) 
decrease in total phenolics, total tannins and proanthocyanidins contents with the increase in colour 
darkening in faba bean (Table 65).  The decrease in phenolic constituents with the increase in colour 
darkening may be due to oxidative degradation of polyphenols into some non-phenolic but darker 
substances in the course of colour darkening process during storage.  
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Figure 38. Effect of seed moisture content on the total colour changes (∆E*ab) in faba bean stored at 
37 ± 2oC. 
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Figure 40. Effect of different gases (MAPs) on the colour stability (∆E*ab) in faba bean stored at 30 ± 2oC. 
Table 65. Phenolic constituents of faba beans testa stored at different temperatures for one year 
Sample ID Total phenolics (% as Merck tannic acid)
Total tannins 
(% as Merck tannic acid)
Proanthocyanidins 
(% as leucocyanidins) 
5oC  5.70 4.11 4.04 
15oC  5.82 4.27 3.84 
25oC  5.67 4.14 3.81 
37oC 5.19 3.82 3.22 
45oC  4.24 3.20 2.48 
50oC  1.65 1.37 0.60 
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Lentil 
Kerry Regan, Department of Agriculture, Western Australia and CLIMA, The University of Western 
Australia 
The lentil area has remained relatively constant over the past few years in WA despite the potential for 
further growth.  Lentils have particular production and harvest requirements, but if grown with attention 
to detail, they have proved to be extremely profitable crops.  They are best suited to well-drained fine-
textured soils with pH > 6 in the 350-500 mm rainfall zones.  Specialised receival and processing 
plants for lentils have now been established in Perth 
The area sown to lentil in WA during 2005 was about 1,500 ha.  Cassab and Digger were the main 
commercial varieties grown.  Diseases, such as ascochyta blight and botrytis grey mould, were not 
detected in lentil trials or commercial crops, but some isolated incidence of sclerotinia and virus 
symptoms were observed in commercial crops.  Average seed yields of commercial crops ranged from 
0.6-2.0 t/ha and seed quality has been excellent.   
Two new varieties were commercialised by the national breeding program in 2005.  The new varieties 
show good improvements in disease resistance (ascochyta blight and botrytis grey mould) and seed 
quality over current varieties.  Nipper, tested as CIPAL203, is a red lentil released as a replacement 
for Northfield and is unlikely to show improved yields over Digger and Cassab in WA.  Boomer, tested 
as CIPAL402, is a green lentil which has shown some seed yield benefits and larger seed size 
compared to Matilda in WA and offers a good alternative to growers wanting to produce green lentils. 
 
Variety and germplasm evaluation 
Kerry Regan1,2, Tim Pope2, Leanne Young1, Phill Chambers1, Alan Harris1, Wayne Parker1 and 
Michael Materne3 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
3Department of Primary Industries, Victoria 
In 2005, lentil evaluation was carried out through the GRDC funded Coordinated Improvement 
Program for Australian Lentils (CIPAL).  The national lentil breeding program based in Victoria, but 
with collaborators in South Australia, New South Wales, Tasmania and WA, has a major breeding 
focus on developing new varieties with appropriate phenology, improved disease resistance 
(ascochyta blight and botrytis grey mould), harvestability and seed quality (size, colour and milling), 
tolerance to soil limitations (boron and salinity) and common broadleaf herbicides, and resistance to 
exotic diseases (anthracnose, fusarium and rust).  The major aims of the WA component are 
identifying lines with improved and stable yield, improved harvestability, vigorous early growth, early 
flowering and drought tolerance.  Evaluation of lentils in WA involves initial screening of early 
generation material (S1) in single rows and two stages (S2 and S3) of replicated field trials.  Trials 
were located at Merredin (S1, S2 and S3) and Morawa (S3) in 2005.  
At Merredin and Morawa, seasonal rainfall (May-October) was about average but rainfall distribution 
created some challenging conditions.  Lentil trials at both sites suffered transient waterlogging in June 
and drought in July.  Mild conditions in spring also provided good conditions for the later flowering 
varieties/lines.  Lentil trials at Merredin also experienced frosts during September, which may have 
been more detrimental to the earlier flowering and podding varieties/lines.  There were no diseases 
observed in the trials.  The trials at both sites were treated with insecticide after flowering to control 
aphids.  In general, weed control was good at both sites, but there were some harvesting problems at 
Morawa which limited yields (seed yields from Morawa not presented).   
Stage 1 evaluation 
Stage 1 trials are located at Horsham, Victoria and approximately three other primary sites, including 
Merredin.  The breeding lines grown in these trials are potentially high yielding and evaluated in 
unreplicated single rows for desirable characteristics, such as biomass production, disease resistance, 
flowering time and maturity.  Evaluating germplasm at an early breeding stage in WA assists to identify 
and capture adapted lentil crosses suitable for the western region that can be progressed for 
evaluation in S2 and S3 trials.   
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The S1 trial was used for visual identification of adaptation and not for yield.  Plots were scored for 
general adaptation, dry matter production, phenological development and podding.  Breeding lines of 
note were 99-068L*4-03H048 and 99-068L*4-03H010 (Indianhead/ILL7685//Nugget), 
02-311*03HS010 (98-006L*99HS068/96-047L*99R060), 99-078L*00HS008-03H038 
Precoz/ILL7685//Cumra), and 02-178*03HS009 (96-047L*99R026/97-030L*99R024).  The results of 
this nursery will be used to select appropriate breeding lines for progression to S2 trials at Merredin 
and other sites interstate in 2006. 
Table 66. Time in days after sowing to flowering (FLW), mean seed weight (MSW, g/100 seeds) and seed 
yield (SY, kg/ha and % Digger) of the highest yielding S2 lentil breeding lines and varieties at 
Merredin 2005 (sown 26 May) 
Line/variety Pedigree FLW MSW SY1 SY  (%Dig) 
Cassab  99 3.60 948 111 
Cumra  97 3.25 461 54 
Digger  100 3.53 855 100 
Nipper (CIPAL203)  111 2.74 424 50 
Northfield  111 2.64 613 72 
Nugget  101 3.41 769 90 
99-088L*02H003 Precoz/ILL7685//ILL590/Indianhead 107 4.20 1196 140 
99-088L*02H037 Precoz/ILL7685//ILL590/Indianhead 106 3.89 1146 134 
99-107L*02H044 Cumra/ILL7508 101 3.81 1094 128 
97-030L*02H030 ILL590/Matador 111 3.48 1004 117 
97-030L*02H010 ILL590/Matador 106 3.66 982 115 
99-070L*02H035 ILL590/Indianhead//Cassab 97 4.23 974 114 
99-070L*02H036 ILL590/Indianhead//Cassab 95 4.65 927 108 
97-030L*02H029 ILL590/Matador 111 3.44 926 108 
97-030L*02H004 ILL590/Matador 111 3.36 917 107 
00-093L*02H019 ILL8107/Nugget 99 3.36 904 106 
97-075L*02H012 Northfield/ILL7537 108 3.35 900 105 
99-088L*02H051 Precoz/ILL7685//ILL590/Indianhead 104 4.41 884 103 
99-068L*4-02H030 Indianhead/ILL7685/Nugget 109 3.50 881 103 
99-002L*02H028 Cumra/ILL7685 104 3.86 852 100 
99-068L*2-02H043 Indianhead/ILL7685/Nugget 110 3.33 836 98 
99-068L*1-02H037 Indianhead/ILL7685/Nugget 111 3.11 831 97 
99-080L*02H007 CAN578-28/ILL7200//ILL7685 104 4.44 831 97 
97-030L*02H025 ILL590/Matador 111 3.41 826 97 
99-027L*02H018 ILL7508/Cassab 106 3.09 814 95 
99-070L*02H016 ILL590/Indianhead//Cassab 101 4.15 810 95 
99-088L*02H056 Precoz/ILL7685//ILL590/Indianhead 111 4.14 806 94 
99-069L*1-02H020 Indianhead/ILL7685//Cumra 97 3.96 804 94 
Mean  104 3.55 729  
lsd 5%   0.31 317  
CV%   5 22  
1 Seed yield analysed using REML statistical methods. 
Stage 2 evaluation 
The S2 lentil trial at Merredin included 60 red lentil varieties (Cassab, Cumra, Digger, Northfield and 
Nugget) and breeding lines.  Mean seed yield was 729 kg/ha (Table 66).  Yield was limited by 
waterlogging in June, drought in July and frosts in September.  Cassab produced the greatest yield of 
the commercial varieties, out-yielding Digger by 11 per cent.  The early flowering variety, Cumra, 
performed poorly in 2005.  A number of breeding lines produced yields up to 40 per cent greater than 
Digger.  One of the lines (99-070L*02H036) also showed good potential in the 2004 S1 trial at 
Merredin. 
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Stage 3 evaluation 
The stage 3 evaluation trial at Merredin included a selection of red and green lentil varieties and lines 
(Table 67).  Mean seed yield was 835 kg/ha.  Similar to the S2 trial, seed yields were limited by 
waterlogging in June, drought in July and frosts in September.  Aldinga, Cassab, Nugget and Matilda 
produced greater yields than Digger, but Cumra and Northfield produced 21 and 10 per cent less, 
respectively.  A number of breeding lines exhibited significantly greater seed yields than current 
commercial varieties.  The lines 94-003L*98H039, 98-046L*01H003 and 98-019L*01H022 produced 
the greatest seed yields at Merredin in 2005.  The line 94-003L*98H039 also performed well at 
Merredin in 2004.  For the green lentils, the lines CIPAL416 and 97-002L*00H005 produced the 
greatest yields.  Mean seed weight (or seed size) can be an important characteristic for some green 
lentil markets and larger sizes are often preferred.  In this trial Boomer produced the largest seed, 
approximately 35 per cent heavier than Matilda. 
Two new varieties were commercialised in 2005 and seed production is underway for release to 
growers in 2007.  Nipper, tested as CIPAL203, is a red lentil with many similar characteristics to 
Northfield, including seed shape and size, but is more suited to longer season environments in eastern 
Australia where Northfield is well-adapted.  Boomer, tested as CIPAL402, is a green lentil and aimed 
at a replacement for Matilda.  Both new varieties have improved disease resistance (ascochyta blight 
and botrytis grey mould) compared to current varieties.  In this trial Nipper performed poorly yielding 
28 per cent less than Digger (Table 67) and 50 per cent less yield than Digger in the S2 trial 
(Table 66).  Boomer also performed poorly in this trial and produced 22 per cent less yield than 
Digger.  This is in contrast to previous results, which have shown good yield improvement over Digger 
and Matilda.  In general, Nipper is unlikely to provide any improvement over Digger and Cassab in 
WA, but Boomer may offer a good alternative to growers wanting to produce green lentils. 
The results from the S1, S2, S3 and S4 trials in WA and similar trials across Australia will be used to 
evaluate the potential of these lentil breeding lines and to identify where breeding lines are best 
adapted and where new varieties should be targeted for production.  Promising lines will be selected 
for further screening and yield evaluation in 2006. 
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Table 67. Time in days after sowing to flowering (FLW), mean seed weight (MSW, g/100 seeds) and seed 
yield (SY, kg/ha and % Digger) of the highest yielding S3 lentil breeding lines and varieties at 
Merredin 2005 (sown 26 May) 
Line/variety Pedigree FLW MSW SY1 SY (%Dig) 
Aldinga  107 4.72 936 121 
Boomer (CIPAL402) 
(G)  99 6.05 606 78 
Cassab  99 3.81 835 108 
Cumra  96 3.78 608 79 
Digger  98 3.76 773 100 
Matilda (G)2  106 4.48 935 121 
Nipper (CIPAL203) Indianhead/ILL5588//ILL5588 112 2.77 556 72 
Northfield  113 2.91 693 90 
Nugget  100 3.50 777 101 
94-003L*98H039 Cobber/Digger 101 4.21 1380 178 
98-046L*01H003 ILL6788/ILL7685 107 4.40 1189 154 
98-019L*01H022 CAN578-28/ILL7180 105 3.78 1117 144 
94-008L*99H077 ILL5588/Cobber 113 3.58 1099 142 
CIPAL501 Digger/Palouse 97 4.60 1083 140 
98-019L*01H056 CAN578-28/ILL7180 108 4.06 1054 136 
96-024L*00H058 ILL7180/Cobber 104 3.48 1043 135 
98-009L*01H061 Indianhead/ILL7180 113 2.96 1045 135 
CIPAL414 ILL6788/ILL7180 109 3.16 1042 135 
CIPAL416 (G)  100 5.36 1006 130 
CIPAL415 ILL6788/ILL7180 108 3.38 996 129 
CIPAL411 ILL7685/ILL7180 102 4.31 990 128 
CIPAL404 Cobber/Digger 99 3.43 985 127 
97-050L*01H043 Aldinga/Matador 103 4.39 964 125 
98-009L*01H060 Indianhead/ILL7180 112 3.29 967 125 
97-002L*00H005 (G)  100 5.64 944 122 
CIPAL408 ILL7180/Matador 105 3.04 946 122 
97-048L*01H027 Aldinga/ILL7180 107 4.24 939 121 
97-049L*00H020 Aldinga/ILL7200 95 4.52 937 121 
95M3-24 Mutant Digger 97 3.75 911 118 
97-002L*00H030 (G)  100 5.65 902 117 
98-009L*01H046 Indianhead/ILL7180 110 3.22 898 116 
98-043L*01H008 ILL6788/ILL7180 101 3.82 883 114 
CIPAL502 ILL7180/Matador 105 2.52 880 114 
97-002L*00H064 (G)  96 5.88 867 112 
CIPAL504 ILL590/Cobber 102 4.07 867 112 
CIPAL413 ILL7685/ILL7180 99 4.10 861 111 
CIPAL410 Northfield/ILL7200 95 3.57 845 109 
CIPAL412 ILL7685/ILL7180 99 3.52 843 109 
CIPAL405 Digger/ILL6802 108 3.22 744 96 
CIPAL503 Matador/Digger 100 3.08 649 84 
CIPAL406 ILL5588/Digger 95 3.45 630 81 
Mean  104 3.82 835  
lsd 5%   0.22 249  
CV%  3.5 15 
1 Seed yield analysed using REML statistical methods. 
2 (G) indicates green lentils. 
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Pulse species 
Land suitability for production of different crop species in Western Australia 
Peter White, Dennis van Gool, and Mike Baker, and Department of Agriculture, Western Australia 
Background 
An accurate understanding of land suitability for crop production helps improve our ability to make 
sound strategic investments in agricultural research and development.  For the past three years, a 
project funded by ACIAR has assessed land suitability for crop diversification in Cambodia and 
Australia.  This project has developed a series of maps that estimate the suitability of land in WA for 
field pea, chickpea, faba bean and lentil production.  The accuracy of these maps now needs to be 
verified. 
Verification of these maps involves compiling data from the large number of species comparison trials 
that have been conducted in WA over the past 15 years.  Most of these trials, however, were 
conducted on soils well suited for pulse production and don’t include data from non-pulse species.  
Yields from a wider range of species and soils, not typically regarded as suitable for growing pulse 
crops are therefore needed to supplement the current data set.  The trials described here compare the 
yield of a range of species grown on soils both poorly and well suited to their growth. 
Aims 
• Compare the yield of several agricultural crop species over a range of soils and rainfall zones. 
• Compare yield estimated in the land suitability model with actual yields from field trials. 
Method 
Nine species (Table 69) were grown at eight locations from Dandaragan through to Wongan Hills 
(Table 68).  Trials consisted of a single factor (species) with six replications configured in a 
randomised block design.  Plots were 10 m long and sown on 1.5 m centres.  
Basal nutrients were topdressed to all plots at all sites at the following rates (kg/ha):  triple 
superphosphate, 100; KCl, 100; MgSO4, 50; MnSO4, 30, CuSO4, 20; ZnSO4, 10, NaMoO4, 1.  In 
addition wheat was topdressed with 100 kg/ha urea and canola with 100 kg/ha urea plus 100 kg/ha 
gypsum before sowing and at 4 weeks after sowing (gypsum only applied at 4 weeks after sowing).  
All grain legumes were inoculated with the appropriate rhizobium strain using peat-based inoculum 
coated onto the seed before sowing. 
All plots were sown at all sites between the 23-24 May 2005.  Plots were harvested at different times 
depending on maturity of the different species.  Standard management procedures were followed for 
each species with particular attention given to herbicide application.  A hooded sprayer was used for 
both pre- and post-emergent herbicide applications.  Chlorothalonil (1.5 L/ha) was applied across all 
grain legume species at all sites in mid August.  
Plants did not show symptoms of serious fungal disease except for anthracnose on albus lupin at 
Sites 1 and 2 that would have moderately reduced yield.  Narrow leafed lupin showed symptoms of 
BYMV at Sites 1 and 2 that may have slightly reduced yields. 
Weeds were troublesome at all sites and were managed with herbicides and hand weeding.  Weeds 
had a minimal impact on yields except at Sites 4 and 8.  Ryegrass and radish had a slight to moderate 
effect on yields at Site 8 with chickpea plots being worst affected and field pea or lentil least affected.  
Ryegrass slightly reduced yield of all plots at Site 4.  Birds severely damaged many plots.  Most albus 
lupin seedlings were pulled from the ground by birds at Sites 5 and 7.  Grain of canola at all sites was 
eaten by birds.  Some grain from only Site 2 could be harvested.  Grain yields are not presented for 
canola. 
Several measurements were taken.  Only nodule scores and machine harvested grain yields are 
presented here. 
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Table 68. Location, seasonal rainfall and brief soil description for each site used in the trial.  All sites 
were in farmer’s paddocks where the preceding crop was wheat, except Site 6 which was 
preceded by pasture 
pH of a soil paste using  
DI water paste 
(depth (cm) in brackets) Site 
Rainfall 
(May-Oct.) WA soil group 
Surface Subsoil 
Site 1 – Dandaragan 351 Red deep sand 5 (0-10) 6 (25-75) 
Site 2 – Dandaragan 259 Yellow deep sand 7 (0-15) 5.5 (15-60) 
Site 3 – Wongan Hills 
West 
168 Yellow deep sand 7 (0-15) 5.5 (15-40) 
Site 4 – Wongan Hills 
West 
168 Brown sandy earth over rock at 60 cm 5.5 (0-10) 7 (18-60) 
Site 5 – Bindi Bindi 204 Yellow/brown shallow sandy duplex 6.5 (0-5) 8 (20-80) 
Site 6 – Moora east 185 Hard cracking clay 8 (0-5) 8 (5-35) 
Site 7 – Moora east 194 Grey shallow sandy duplex 5.5 (0-7) 7 (15-60) 
Site 8 – Bindi Bindi 198 Pale shallow sand 6.5 (0-15) 6.0 (15-65) 
Results 
Plants of the field pea, chickpea and lentil looked like they were suffering nitrogen deficiency at most 
sites during their early growth.  The affect was variable within the plots.  Some plants appeared green 
and healthy while others looked very pale.  Nodulation scores did not correspond well with the 
appearance of the plants.  For example, nodulation scores at Site 3 indicated that plants were well 
nodulated despite their patchy, pale-green appearance.  Nodulation score, however, was correlated 
with surface soil pH (Table 69).  The relationship was strongest in lentil (r2 = 0.86); nodulation of lentil 
was poorest on soils with the lowest surface soil pH.  Field pea plants recovered rapidly in late spring 
so that all plants in all plots appeared green and healthy.  Recovery was less marked in chickpea and 
lentil.  Plots of these species were patchy with some plants appearing pale green for the duration of 
the experiment, Site 6; however was an exception where all plants of these species appeared green 
and healthy. 
Table 69. Nodule score for legumes at ten weeks after sowing (1 = no nodules; 5 = large crown nodules) 



















Site 1 4.8 4.4 3.3 4.4 2.5 1.6 4.9 0.68 4.0 
Site 2 5.0 4.2 3.9 4.9 3.4 3.6 5.0 0.36 4.4 
Site 3 4.8 4.4 3.7 4.7 3.9 3.9 4.8 0.53 4.6 
Site 4 4.3 4.2 3.7 4.6 3.9 2.5 4.2 0.52 3.5 
Site 5 4.8 4.6 4.5 4.9 4.6 3.2 4.8 0.45 2.0 
Site 6 4.0 4.9 4.2 4.9 4.3 4.0 3.3 0.58 3.8 
Site 7 * 4.5 4.3 4.9 4.2 3.3 4.8 0.60 6.5 
Site 8 4.8 4.7 4.2 4.8 4.2 3.6 4.9 0.33 2.4 
* Albus lupin plants were destroyed by birds at Site 4. 
Yields varied markedly between sites and were driven by water availability.  High yields at Sites 1 and 
2 were related to the higher seasonal rainfall compared with the other sites.  Sites 5 and 6 were at low 
positions in the landscape and received runoff to supplement rainfall. 
Wheat produced the most consistent yields across sites.  It produced the highest or second highest 
yield at each site.  Narrow-leafed lupin and field pea also produced relatively consistent yields but 
narrow-leafed lupin clearly produced the highest yield on the deep sandy soils (Sites 1, 2 and 3) while 
field pea produced its highest yield on the shallow duplex soil (Site 5). 
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Faba bean produced its highest yields where water availability was high due to runoff and on soils with 
a finer texture (Sites 5 and 6).  Faba bean produced relatively higher yields on sandy soils where 
rainfall was high, compared to when it was low.  For example on the deep yellow sand at Site 3 faba 
bean produced about 30 per cent of the yield of wheat and lupins.  Whereas on a similar soil type but 
higher rainfall at Site 2, faba bean produced over 60 per cent of the yield of wheat and lupins.  At the 
highest rainfall site, (red deep sand, Site 1) faba bean produced almost as much yield as wheat and 
lupins.  Chickpeas (desi and kabuli) showed similar trends.  Indeed, chickpeas and faba bean 
produced the same yield (in percentage terms) relative to wheat on the fine textured shallow soils 
(Sites 5 and 6) as on the deep sandy soils with higher rainfall (Sites 1 and 2).  At each location desi 
and kabuli chickpeas produced about 40 per cent and faba bean about 80 per cent of the yield of 
wheat. 
The yields of albus lupin and lentil were low at all sites.  In most cases yields of these species were 
less than 25 per cent of the yield of wheat. 





























Site 1 0.7 1.5 1.6 2.4 1.2 0.2 2.7 2.9 0.26 7.6 
Site 2 1.0 1.0 2.1 2.1 0.9 0.3 3.4 2.9 0.29 5.3 
Site 3 0.07 0.2 0.9 0.6 0.2 0.3 2.3 1.8 0.16 12.9 
Site 4 0.4 0.4 1.0 1.1 0.5 0.2 1.4 1.6 0.21 6.0 
Site 5 0.5 1.3 3.1 3.1 1.7 0.8 0.8 3.8 0.66 12.9 
Site 6 0.6 1.9 2.4 3.0 1.4 0.5 1.0 3.8 0.29 8.9 
Site 7 * 0.8 1.7 1.2 0.6 0.3 1.5 1.9 0.36 7.8 
Site 8 0.2 0.3 2.0 1.6 0.3 0.5 2.4 2.2 0.25 8.3 
* Albus lupin plants were destroyed by birds at Site 4. 
Simulated yields (Table 71) did not correspond well with actual yields (Table 70).  Grain yields at 
Sites 5, 6 and 7 were substantially underestimated for all species except lentil.  The difference in 
simulated yield of narrow-leafed lupins on the deep sandy soils compared to the other soils was 
greater than for actual yields.  Field peas produced higher simulated yields in comparison to the other 
legume species. 
Table 71. Simulated grain yields (t/ha) based on land capability ratings and 30 year average rainfall 










Site 1 1.2 1.7 1.6 0.6 1.8 2.2 
Site 2 0.7 1.7 0.9 0.5 1.7 2.1 
Site 3 0.6 1.5 0.8 0.4 1.5 2.0 
Site 4 0.6 1.5 0.8 0.4 0.4 1.2 
Site 5 0.6 1.6 0.9 0.5 0.4 1.9 
Site 6 0.7 1.0 0.9 0.7 0.5 0.8 
Site 7 0.7 1.6 0.9 0.5 0.5 1.9 
Site 8 0.4 0.6 0.6 0.5 0.5 0.8 
Simulated yields for desi chickpea and albus lupin are not available. 
Discussion 
Differences between simulated and actual yields can be attributed to water availability and land 
capability ratings.  Seasonal rainfall was higher in 2005 than the 30 year average, leading to simulated 
yields being lower than 2005 yields.  Furthermore, substantial runoff supplemented rainfall at Sites 5 
and 6.  Simulated yields at these sites only accounted for rainfall, which was less than the total amount  
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of water available to plants, hence yields were underestimated.  Finally, land capability ratings for the 
model were based on the mapped soils that were not accurate in some cases.  Site 6, for example 
was mapped as poorly suited or unsuited for production of most crops.  In fact, the capability of the 
land at Site 6 was fair or good for most crops. 
Both actual and simulated yields of grain legume species in this experiment were strongly influenced 
by soil type and environment.  This has been demonstrated in several other studies previously (Tang 
et al. 1995, Loss et al. 1995; French 2002).  Results from this study also demonstrate that information 
about alternative uses of land is important for land suitability and land-use planning.  For example, 
narrow leafed lupins produced the highest yields of all grain legume species on the deep sandy soils.  
Narrow leafed lupins however, may not be the most suitable crop choice on all sandy soils because 
difference between narrow leafed lupins and the alternative choices with higher grain values (e.g. faba 
bean) lessened at higher rainfall (Site 1).  The land suitability model was able to show the broad 
differences between species and environments, but, further work on refining the model is required 
before it can be effectively used for land use planning. 
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Genomic synteny in legumes:  Application to crop breeding 
Huyen Phan1, Simon Ellwood1, J. Hane1, Angela Williams1, R. Ford2, S. Thomas3 and Richard Oliver1 
1Australian Centre of Necrotrophic Plant Pathogens, Murdoch University 
2BioMarka, School of Agriculture and Food Systems, ILFR, University of Melbourne 
3NSW Department of Primary Industries  
Aims and background 
Molecular markers are a useful and cost effective method for introgressing traits in crop breeding 
programs.  There is little genomic or EST information for many of the legume species of importance to 
Australian agriculture.  Therefore we have compared the data available with the abundant sequence 
data from the model legume M. truncatula to produce predominantly genic markers.  These will enable 
the construction of comparative genetic maps; help to determine patterns of chromosomal evolution in 
the legume family, and to characterise syntenic relationships between M. truncatula and cultivated 
legumes.  Where synteny occurs, the genome sequence of Medicago can be harnessed to identify 
markers tightly linked to the genes of interest and candidate gene(s) for a trait, expediting the isolation 
of important genes (Figure 41). 
Marker development 
Among the Papilionoideae, we compared EST's from M. truncatula, Lupinus albus, and Glycine max to 
produce some 500 intron-targeted amplified polymorphic markers (ITAPs), the majority of which may 
be assigned to regions of physically mapped M. truncatula BACs.  The ITAPs markers were designed 
against homologous regions of conserved exons in orthologous single or low copy number genes to 
amplify across more diverged, and therefore informative, introns.  As lupins are phylogenetically 
distant from M. truncatula, markers designed between these species are expected to function readily 
across intervening species among the Papilionoideae.  
The ITAPs are being deployed to generate comparative genetic maps of Lens culinaris, Lupinus albus, 
Lupinus angus, and M. sativa.  In addition we have included cross-species markers developed by the 
Cook lab and 200 M. truncatula SSR markers.  The mapping populations of these species were 
generated from parents that are currently being used in breeding programs in WA, NSW and VIC for 
agronomically important traits, for example resistance to anthracnose and Pleiochaeta root rot in 
Lupin, ascochyta blight in Lentil, and Phytophthora medicaginis in Lucerne. 
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Primer design and genetic mapping 
Our results showed that ninety per cent of the ITAPs markers amplified genomic DNA in M. truncatula, 
and about eighty-five per cent in Len culinaris and L. albus (Table 72).  To date, 95 have been 
mapped on a set of 93 F8 RILs developed from a relatively narrow cross in L. angus.  One hundred 
and eight polymorphic markers have been identified and currently being mapped on a F8 L. albus 
population and 98 are being genotyped on a F5 Lens culinaris population.  Twenty-three and 24 SSR 
markers are being mapped in two respective backcross lucerne populations to integrate their genetic 
maps with M. truncatula (Table 73).  In the future, we plan a similar approach to produce comparative 
maps in faba bean and chickpea lines of interest to Australian breeders. 
Table 72. Orthologous marker identification for comparative mapping in Len culinaris and Lupinus 
albus.  Polymorphism is given between Digger and Northfield lentil accessions and between 
Kiev and P27174 lupin albus accessions 
Lentil Lupin albus 








Mt cross species 126 102 33 75 17 
L. albus EST derived 300 131 34 277 68 
Lup_Gm_Mt 110 96 24 93 7 
Lup SSR 81 15 4 58 16 
Mt SSR 198 40 3 5 0 
Total 815 384 98 508 108 
Table 73. Orthologous marker identification for comparative mapping in Medicago sativa.  
Polymorphism is given between Demnat x W116 and Demnat x W126 accessions 
Polymorphism 
Sources Screened Amp 
DemxW116 DemxW126 DemxW116F1 DemxW126F1 
DC-Mt-SSR 98 44 17 15 12 9 
Lup-SSR 81 18 nd nd nd nd 
French-Mt-SSR 138 68 21 22 12 14 




































Figure 41. An example of macrosynteny between Medicago LG8 and lentil LG2.  A direct and simple 
syntenic relationship exists between these chromosomes, with complete homology evident.  
This relationship will facilitate the identification of closely linked markers to traits of interest 
in lentil LG2 based on Medicago genome sequence data. 
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ALOSCA – Development of a dry flow legume seed inoculant 
Rory Coffey and Chris Poole, ALOSCA Technologies Pty Ltd 
The development of the ALOSCA granular inoculant commenced in 2000 primarily as a result of 
ongoing grower dissatisfaction with the traditional peat based product due to a combination of 
handling difficulties and variable nodulation performance.  Unless applied in optimal sowing conditions 
Rhizobium bacteria viability was generally compromised.  Two WA based scientists; Dr Steve Carr 
and Dr Angelo Loi began investigating alternative bacteria delivery options and finally succeeded by 
using bentonite clay as the carrier material.  The ALOSCA product was first used on a ‘Proof of 
Concept’ commercial basis in 2004 with full commercialisation taking place the following season.  
Development 
The expansion of cropping activities in Western Australia since 1970 prompted major changes to 
establishment systems in order to accommodate increased seeding programs.  This resulted in 
reduced cultivation and therefore less opportunity for sowing into moist soil.  Under these changing 
practices traditional peat based inoculants became less effective because legume seed was often 
being sown in sub-optimal conditions with the Rhizobium bacteria less able to survive and nodulate 
the plant.  With growers needing to dry sow in order to complete seeding programs the requirement of 
a more appropriate bacteria delivery method became apparent.  With the increase in cropping came 
increased disease problems and the need for seed dressings, particularly for grain legumes.  Peat 
inoculants were not resistant to these dressings leaving growers with the choice of not inoculating or 
not applying disease preventatives. 
In looking for a solution to these restrictions Drs’ Carr and Loi focused on developing a granular carrier 
of the rhizobia that could be effective in terms of agronomy, soil chemistry and rhizobiology.  It needed 
to be an effective delivery method, be able to accommodate the bacteria and keep them alive in a 
stable environment.  A range of materials were evaluated for this purpose with attention to storage and 
longevity under a range of conditions.  Cost and commercial viability was also a determinant for 
material suitability.  Of all the materials tested, calcium bentonite matched the qualities required best 
and in 2002 trials commenced with early results yielding nodulation counts comparable to that of fresh 
peat.  Additionally, variable temperature treatments were conducted with the product subjected to daily 
soil surface summer temperatures ranging from 15oC to 60oC for three months.  Nodulation 
experiments showed that even after such harsh treatment, the product was still viable.  In 2002 the 
first field sown experiments were conducted in association with the Centre for Rhizobium Studies 
(CRS) including as a control a range of commercially available products.  
In 2003 independent field trials were conducted by a range of research providers including CRS, 
Ballard Seeds, Landmark and a number of legume seed producers and commercial farmers.  This field 
work ranged from row trials through small plot trials to broad acre, farmer sown comparisons using 
conventional equipment.  Inoculants to satisfy a range of both pasture and grain legumes were made 
from separate strains.  Biserrula inoculant was favoured for accuracy due to the absence in the WA 
soil of competing bacteria for this plant. 
Based on trial results achieved in 2003 a semi commercial release was undertaken in 2004 with 
product to cover 10,000 hectares.  This included Group C for clovers; F for faba beans, lentils and field 
peas; G for lupins and S for serradella and biserrrula.  The WA Department of Agriculture used 
successfully these inoculants in all pasture and pulse trials and the CRS continued evaluations.  The 
ALOSCA product was fully commercialised in 2005 with an international patent application made 
based on the novelty of the delivery system and covering all microbes.  
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Trial results 
A large number of field and glass house trials have been conducted on ALOSCA product since 2002 
and the following is merely a small representative sample, highlighting in particular, the advantage of 
the granular inoculum compared the peat product when sowing at non-ideal conditions. 
Nyabing Vicia faba (FIESTA) and Pisum sativum (PARRAFIELD) early sowing trial.  Sampled 3 
August  
This trial compared the efficacy of a conventional peat inoculant with ALOSCA granules when time of 
sowing occurred 4 weeks prior to ideal time.  Beans and peas were sown into dry soil.  Fiesta faba 
beans were treated with Grp F peat slurry (inoculated just prior to sowing) and 10 kg/ha Grp F 
ALOSCA granules (Figure 42).  Parrafield peas were treated with Grp E peat slurry (inoculated just 
prior to sowing) and 10 kg/ha Group E ALOSCA granules (Figure 43).  Ratings were given as number 
of nodules per plant. 

















Figure 42. Fiesta faba beans treated with Grp F peat slurry (inoculated just prior to sowing) and 10 kg/ha 
Grp F ALOSCA granules. 


















Figure 43. Parrafield peas treated with Grp E peat slurry (inoculated just prior to sowing) and 10 kg/ha 
Grp E ALOSCA granules. 
These results show the important advantage that ALOSCA granules have over conventional peat 
slurry treatments with regards to time of sowing.  When inoculated with the ALOSCA granules, plants 
showed a marked improvement in nodule number even though sowing occurred early, in unfavourably 
dry soils 4 weeks prior to normal time of sowing. 
Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
143 
Albany T. subterraneum (YORK) Trial.  Sampled 4 June 
York sub. clover was treated with Grp C peat slurry (inoculated just prior to sowing) and 10 kg/ha Grp 
C ALOSCA granules.  Sowing occurred under ideal conditions.  Ratings were given as number of 
nodules per plant (Figure 44) and as a percentage of plants where nodulation failed (Figure 45). 


















Figure 44. Number of nodules per plant. 
Albany T. subterraneum  (YORK)  % Plants without 























Figure 45. Percentage of plants where nodulation failed. 
Results show no significant difference between number of nodules per plant between peat slurry and 
ALOSCA inoculated plants and a significant increase over the uninoculated controls (Figure 44).  
Importantly, the percentage of plants that showed nodulation failure was low and virtually identical for 
both slurry and ALOSCA treatments (Figure 45). 
Areas of application and potential benefits 
In Western Australia an estimated 10 million hectares are suitable for growing legume crops and 
pastures in rotation with cereals.  A further 5 million hectares of grazing country can accommodate 
legume pastures.  Recent oil price increases have had dramatic impact on the price of artificial 
nitrogen fertilisers challenging the sustainability of the WA cropping systems.  Establishing effective 
plant nodulation, nitrogen annual cost to WA agriculture may be reduced by up to 50 per cent and 
provide farmers more flexibility with their cropping and grazing activities. 
Table 74 shows Rhizobium inoculants that have been developed for application in Western Australian 
conditions. 
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Table 74. Rhizobium inoculants that have been developed for application in Western Australian 
conditions 
Product Applications 
Group C Clovers – Sub., Balansa, Crimson, Gland, Arrowleaf, Rose & Persian 
Group S Serradella, Lupin 
Biserrula Special Biserrula 
Group AM Annual medics – Barrel, Burr, Sphere, Gama Snail and Murex 
Group AL Lucerne, Strand & Disc Medic 
Group F Faba Bean, Lentil, Field Pea & Vetch 
Group N Chickpea 
With a total of fifty seven Rhizobium strains available there is potential to add to the list of inoculants 
commercially available as new legume plant species are adapted to Western Australian conditions. 
In addition to the delivery of Rhizobium strains, the granular system is a suitable carrier for a range of 
other soil microbes including those that are currently being investigated as potential plant growth 
promoting micro-organisms.  Growth promoting microorganism can increase yields in non-legume 
crops by increasing rates of germination, root and shoot growth and delaying leaf senescence.  These 
microorganisms have been shown to affect plant growth by increased nutrient solubilisation (P, N and 
K), production of plant growth regulators, suppression of plant pathogens by competition and the 
release of antibiotics or siderophores.  A number of trials involving the use of promising plant growth 
promoting microorganism have been conducted in 2003 to 2005 using ALOSCA delivery system.  
Early results suggest that ALOSCA granules delivered these micro-organisms in an efficacious way 
compared to other non viable traditional methods.  
Numerous glass house and field trials have shown that the ALOSCA product represents a significant 
development in the delivery of root nodule bacteria to Australian agricultural systems.  The nature of 
the granules gives to the bacteria a considerable edge over the traditional peat based inoculation 
method as it does not require refrigerated storage and transport.  Moreover, primary producers are no 
longer required to sow at ideal times to ensure survival of the rhizobia, the dry granules offer new 
degrees of flexibility to sowing times without resulting in diminished rates of nodulation. 
 
Genetic dissection of resistance to fungal necrotrophs in Medicago truncatula 
Simon Ellwood1, Theo Pfaff1, Judith Lichtenzveig12, Lars Kamphuis1, Nola D'Souza1, Angela Williams1, 
Emma Groves1, Karam Singh2 and Richard Oliver1 
1Australian Centre of Necrotrophic Plant Pathogens, Murdoch University 
2CSIRO Plant Industry 
Background 
Understanding the genetic basis of plant resistance to necrotrophic fungal pathogens remains one of 
the greatest challenges in molecular biology.  Research has been limited by a lack of genetic tools in 
suitable plant models, particularly as Arabidopsis is not a host to many necrotrophic species.  
Pathogens such as Ascochyta, Botrytis, Colletotrichum, Leptosphaerulina and Phoma spp.  
respectively cause blight on chickpeas, grey mould on faba beans, anthracnose on lupins, black stem 
on alfalfa and black spot on peas.  A series of epidemics in WA has eroded farmer confidence in crops 
such as lupins and chickpea.  If these diseases were efficiently controlled, such legumes could play a 
much larger role in Australian broad-acre farming systems. 
Approach 
Genetic dissection of resistance involves (1) the isolation and propagation of numerous necrotrophic 
fungal pathogens of legumes – from both crops and pastures;  (2) infecting these isolates onto a small 
group of Medicago ecotypes;  (3) selecting pathogens that induce differential reactions of different 
ecotypes;  (4) crossing ecotypes with extreme responses; and  (5) genetically analysing resistance to 
isolate the gene(s) responsible.  
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In initial screens, more than 80 isolates representing about 30 species of potential pathogens were 
tested on 10 Medicago ecotypes.  These fungi and oomycetes include both root and foliar pathogens.  
Pathogens were classified according to whether they caused reliable disease on at least one ecotype 
and whether reproducible differences in disease levels were seen on different ecotypes.  These 
pathogens were then tested on a set of about 100 ecotypes chosen from the Australian SARDI core 
collection.  This collection is composed of over 200 M. truncatula (Gaertn.) ecotypes and was 
examined for genetic diversity using 6 microsatellite markers.  Our results revealed the collection 
possessed significant genetic diversity and structure, with up to 40 alleles per locus.  This enabled 
informed polymorphic crosses between ecotypes showing extremes of resistance and susceptibility to 
be made on the basis of inferred relatedness. 
In addition, we are using a comparative mapping approach to concurrently map Phytophthora 
resistance in Medicago and chickpea using Medicago-based mapped-markers.  The NSW Department 
of Primary Industries is developing Phytophthora resistant chickpea lines; however no DNA markers 
linked to resistance have been identified to aid in marker assisted selection.  Medicago has been 
shown to have a simple syntenic relationship with chickpea, and tools for molecular genetics and 
genomics already developed for Medicago will allow us to exploit this synteny.  Determining the 
genetic basis of resistance and discovering markers closely linked to resistance genes and will aid in 
fast tracking map-based cloning of genes involved in the response. 
In addition to genetic dissection of resistance, we are further characterising the plant-pathogen 
interaction by examining defence gene expression and secondary metabolite induction with the 
objective of identifying supplementary components to resistance. 
Recent progress 
A number of species caused disease symptoms on Medicago.  These were:  various Phoma spp., 
Ascochyta lentis, A. fabae, Botrytis fabae, B. cinerea, Colletotrichum coccodes, C. trifolii, 
Leptosphaerulina trifolii, Stagonospora meliloti, Fusarium oxysporum, F. solani, Rhizoctonia solani, 
and Phytophthora citrophthora.  Medicago ecotypes showing differential responses to a pathogen are 
currently being genetically characterised in segregating populations (Table 75). 
In an F2 cross involving resistance to Phoma disease, 80 polymorphic markers have been developed 
and genetically mapped.  Disease resistance was scored quantitatively in the F2 population and those 
scores were incorporated into linkage data using MapManager QTX software to find QTLs linked to 
resistance.  Interval mapping using a recessive regression model resulted in one highly significant 
locus (α = 0.01).  We are currently mapping resistance in a second cross, as the first cross was 
complicated by F2 individuals displaying albinism, dwarfism, and poor germination.  
Gene expression experiments by quantitative PCR have shown significant differences between 
resistant and susceptible ecotypes in the Phoma-Medicago interaction, and the M. truncatula 
Mt16kOLI1 plus 70mer oligonucleotide-based microarray has been used to identify genes involved in 
the Phoma-Medicago interaction and genes controlling resistance.  In particular, genes of the 
phenylpropanoid pathway were highly up-regulated twelve hours after infection.  
Metabolite profiling (GC/MS and LC/MS) has shown differences in the induction and level of 
secondary metabolites between Medicago ecotypes.  We plan to identify these compounds and test 
their biological activity. 
Table 75. Legume pathogens for which mapping populations are currently being investigated 
Pathogen Mapping population species Mapping population type 
Ascochyta lentis M. truncatula F2 
Ascochyta rabei M. truncatula F2 
Colletotrichum coccodes M. truncatula F2 
Fusarium oxysporum M. truncatula F2 
Fusarium oxysporum M. truncatula RIL 
Phoma medicaginis M. truncatula F2 
Phytophthora medicaginis  M. truncatula F2 
Phytophthora medicaginis C. arietinum x C. echinospermum RIL 
Phytophthora medicaginis C. arietinum RIL 
Stagonospora meliloti M. truncatula F2 
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APPENDIX I:  LIST OF COMMON ACRONYMS 
Acronym Full name 
AARI Aegean Agricultural Research Institute 
ACCIP Australian Coordinated Chickpea Improvement Program 
ACIAR Australian Centre for International Agricultural Research 
AFLP Amplified Fragment length polymorphism 
AFPIP Australian Field Pea Improvement Program 
ALC Australian Lupin Collection 
AMV Alfalfa Mosaic Virus 
ARC Australian Research Council 
ARWA Agricultural Research Western Australia 
ATFCC Australian Temperate Field Crops Collection 
BARI Bangladesh Agricultural Research Institute 
BGM Botrytis grey mould 
CAR Central Agricultural Region 
CBH Cooperative Bulk Handling 
CICA Co-ordinated Improvement of Chickpeas Australia  
CIPAL Coordinated Improvement Program for Australian Lentils 
CLIMA Centre for Legumes in Mediterranean Agriculture 
CMV Cucumber Mosaic Virus 
COGGO Council of Grain Growers Organisation 
GSARI Great Southern Agricultural Research Institute 
CVT Cultivar Variety Testing 
DAWA Department of Agriculture, Western Australia 
DPI Department of Primary Industries 
DSS Decision Support System 
ELISA Enzyme-Linked Immunosorbent Assay 
GPWA The Grain Pool of Western Australia 
GRDC Grains Research and Development Corporation 
GSPGA Great Southern Pulse Grower Association 
HI Harvest Index 
IARI Indian Agricultural Research Institute 
ICARDA International Centre for Agricultural Research in the Dry Areas 
ICRISAT International Centre for Research in the Semi-Arid Tropics 
ORIA Ord River Irrigation Area 
NAR Northern Agricultural Region 
NARC Nepal Agricultural Research Council 
NBS National Bureau of Standards 
NFBIP National Faba Bean Improvement Program 
NVT National Variety Testing 
PASE Pulse Association of the South East 
PBR Plant Breeding Rights 
POLA Pulse, Oilseed and Lupin Association 
PSbMV Pea Seed-Borne Mosaic Virus 
RIRDC Rural Industries Research and Development Corporation 
RLN Root Lesion Nematode 
RSU Research Support Unit 
RUE Radiation Use Efficiency 
SAR Southern Agricultural Region 
SARDI South Australian Research and Development Institute 
SEPWA South East Premium Wheat Association 
SPIRIT Strategic Partnerships with Industry Research and Training 
USDA United States Department of Agriculture 
WAHRI Western Australian Herbicide Resistance Initiative 
WANTFA Western Australian No-Tillage Farmers Association 
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thanks to Martin Harries and Chiquita Butler for their help in editing and formatting this booklet.  
Best wishes to all with research and extension for season 2007. 
 
Wayne Parker 
LUPIN, PULSE AND OILSEEDS BOOKLET EDITOR 
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Monthly rainfall data from experimental sites in 2006 
Table 1. Rainfall in mm from rainfall stations throughout Western Australia 
Site J F M A M J J A S O N D Total M - O 
Badgingarra 49 22 0 15 20 28 58 95 62 18 18 6 391 280 
Bonnie Rock 86 14 57 60 7 15 19 13 42 9 43 15 379 104 
Chapman 17 39 4 10 10 6 39 62 16 3 1 8 214 136 
E. Beverley 147 25 1 29 9 24 43 77 33 4 14 23 430 191 
Eradu 30 25 1 9 7 8 36 40 18 3 2 12 190 112 
Floreat Park 41 14 6 31 18 21 73 99 51 14 26 6 400 276 
Holt Rock 66 11 53 42 20 12 26 26 33 6 18 4 318 123 
Kalannie 106 54 8 35 19 11 16 17 30 2 11 10 318 93 
Lake King 82 28 46 44 10 16 28 30 38 7 11 2 342 129 
Lancelin E. 74 23 1 16 21 29 82 114 79 19 12 12 483 345 
Meckering N. 141 37 1 14 20 15 32 31 45 12 11 30 388 154 
Medina 57 3 11 31 48 28 115 158 29 23 23 4 532 403 
Merredin 96 20 28 35 51 8 33 26 59 17 14 6 393 194 
Mingenew 78 14 0 18 10 17 36 43 29 4 6 32 287 139 
Moora 174 32 0 12 19 13 22 39 49 14 10 13 398 157 
Morawa 92 39 1 23 6 7 20 18 25 5 7 11 254 80 
Mullewa 31 12 2 17 2 2 19 18 20 0 1 12 137 62 
Muresk 30 19 1 20 16 12 29 53 46 4 8 9 246 159 
Newdegate 151 12 31 28 4 16 32 66 28 16 29 11 425 163 
Northam L. 131 37 1 18 9 16 28 63 57 5 11 10 387 179 
Salmon Gums 96 16 25 44 21 14 25 17 11 12 16 5 302 100 
South Perth 40 12 6 28 22 29 70 105 51 26 27 5 421 303 
Wickepin 117 14 10 33 13 16 29 43 9 8 16 3 309 117 
Wickepin E. 175 10 23 37 12 12 46 64 15 8 21 14 439 159 
Wongan Hills 93 44 0 12 7 16 24 41 44 19 18 9 326 150 
Yilgarn S. 123 15 70 42 33 13 27 27 43 11 13 28 445 153 
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2006 Regional round up 
SOUTH EAST AGRICULTURAL REGION 
Mark Seymour1 and Jacinta Falconer2, 1Department of Agriculture and Food, 
Western Australia;  2Cooperative Bulk Handling Group 
2006 was panning out to be another excellent year in the Esperance port zone with good opening 
rains allowing growers to sow their crops in a timely fashion.  However a hot, dry and windy spring put 
paid to many hopes of above average yields. 
Field pea yields ranged from 0.6 to 1.5 t/ha, with the port zone producing 30,000 tonnes of grain for 
export from an area sown of 40,000 ha.  The average yield of 0.75 t/ha is well below the average for 
the port zone which is normally around 1.2 t/ha.   
Windy conditions at harvest saw many field pea swaths moving around, ending up on fence lines and 
in general looking messy although the losses may have not always been that high.  This was 
particularly the case for trailing field pea varieties like Parafield, which are susceptible to being blown 
around; and even more so if the crop had a low seed to biomass ratio (most crops in 2006).  Things to 
consider to improve this situation would be to:  only swath high yielding crops so there is more weight 
in the swath; only swath semi-leafless lines which lock in better; and use a flatter roller as it was 
evident that many canola rollers are not flat enough to form a good enough swath. 
Few farmers chose to grow faba bean in 2006, with about 3,500 ha sown primarily in the Scaddan 
area.  Foliar diseases were again not an issue, with dry conditions being the main determinant of yield. 
Yields were around 1.2 t/ha. 
19,400 ha of narrow-leafed lupin were grown in the Esperance port zone.  Most of the grain was held 
back on farm so it is difficult to give an accurate measure of total production.  Generally it is thought 
yields averaged 1.0 t/ha, again lower than most years. 
Canola faired better than most crops yielding on average 1.25 t/ha which is close to the 5 year 
average of 1.34 t/ha.  This is most likely due to the majority of canola being grown on the coastal 
sandplain areas, which did not suffer from transient waterlogging in 2006. 
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CENTRAL AGRICULTURAL REGION 
Ian Pritchard, Department of Agriculture and Food, Western Australia 
The 2006 season was one of the driest if not the driest on record for the CAR.  Growing season 
rainfall for many centres was Decile 1 subsequently the yield potential for the season was also low, 
average yields for many would be a good result.  Some growers did achieve yields close to their long 
term average which may indicate the value of current varieties and agronomic practices such as 
stubble retention, minimal cultivation and herbicide use or they might have been the lucky few with the 
amount and timing of rainfall.  The 2006 season showed that not only is the amount of rainfall 
important but also the timing of the rainfall.  A fairly common comment from growers at the end of 
season was “if only I had just one decent rainfall event in August/September the season would have 
been completely turned around” typifies the 2006 season. 
The 2006 year was particularly hard for canola with the very light late opening and follow up rains, 
canola crops struggled to establish generally having to be sown shallow and being so small seeded.  
Subsequently the majority of canola crops were very patchy with a low plant density, yields ranged 
from 0.7-1.0 t/ha. 
Relative to other crops in 2006 lupins performed very well with generally average yields being reported 
where crops were well established and clean.  However weed control or lack of it was an issue in 
many crops due to the low activity of the soil applied herbicides at sowing with the lack of rainfall.  
Growers continue to be happy with the performance of Mandelup. 
Of the pulse crops field peas continue to be the only crop of any significance and area.  The summer 
autumn conditions experienced in 2005/06 delayed the development of blackspot spores such that it 
was generally recommended that field peas should only be sown in the last week of June or early July.  
The very late start followed by one of the driest seasons on record was a combination which field peas 
are quite well adapted.  It meant that blackspot did not really get going until very late in the growing 
season which was also good news for the field pea crops.  Throughout the region Kaspa continued to 
live up to the majority of growers expectations for yield and ease of harvest, some Kaspa crops in the 
medium rainfall zones averaging over 1.5 t/ha.  Kaspa’s standing ability at harvest, sugar pod trait and 
yield have not just been steps in the right direction but significant leaps forward for growers. 
The Avondale and Merredin research stations continue to play important roles in the evaluation of 
pulse and canola crops for the WA wheatbelt, allowing trials and demonstrations that would otherwise 
not be possible on farmer properties to be carried out. 
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GREAT SOUTHERN AND LAKES REGION 
Rodger Beermier, Department of Agriculture and Food, Western Australia 
Another contrasting and challenging year started with heavy rain falls in January throughout the 
region.  Higher than average falls also occurred in February, March and April in the Eastern part of the 
Great Southern (GS).  However, when it came time to sow, May and June dried up with poor falls 
across the whole region which extended sowing into July.  With average to below average conditions 
in July and August, we were all hoping for a wet spring which did not eventuate.  Again, poor falls in 
September and October did not give the crops the moisture they needed to finish well. 
Table 1. Rainfall across the Great Southern 2006 
Rainfall/Town Boyup Brook Katanning Borden Lk Grace Hyden 
May – Oct. 341 213 160 115 133 
Total Rainfall R530 330 284 530 358 
The field pea variety Kaspa continued to be planted despite the late sowing opportunities.  As Kaspa 
flowers later than Dundale or Parafield growers were relying on a good finish to the season to assist 
with pod fill.  Yields were not great due to the poor finish ranging from 0.6 to 1.2 t/ha across the region 
with 0.8 t/ha being average.  Most growers were satisfied with the performance of Kaspa despite the 
season and late sowing. 
As Parafield is still the main conventional variety being grown, it yielded similar to Kaspa from Hyden 
to Borden.  Averages were 0.7 t/ha.  The area sown to Helena continues to decline due to increased 
area sown with Kaspa volume and Parafield.   
Flights of Heliothis moths were a concern in the eastern GS much earlier than usual.  The warmer 
weather in August/September when eggs were laid saw Native Budworm grubs in mid-September.  
Pea weevil were also active this season with reports of them in areas they had not been in previously. 
Faba bean yields were not exciting.  Yields ranged from 0.2-0.5 t/ha in the Pingrup region up to 
0.9 t/ha in the Hyden area.  Areas of faba bean will continue to decline as a result of recent poor 
seasons.  However seeking frost tolerance and early sowing sees a number of specialised growers 
pursuing greater areas of faba bean. 
Lupin yields, similar to faba bean yields, ranged from 0.3-0.6 t/ha across most of the region.  However, 
up to 1.0 t/ha was achieved around Hyden.  Growers continue to rely on lupin crops for their ability to 
be grown on acidic, sandy soils and as a high quality sheep feed.  Yield reliability is a major limiting 
factor though. 
Canola was grown across most of the region even though the start of the season was not favourable.  
Yields ranged from 0.6-0.9 t/ha all with good oil.  However, it was noticed that there were considerable 
numbers of red seeds in the samples. 
Trial work for 2006 included faba bean germplasm, field pea time of sowing, Pea Seed Borne Mosaic 
Virus demonstrations and inoculum work in conjunction with Murdoch University.  Kabuli chickpea and 
faba bean variety trials were also a part of the program.  The results and conclusions from these trials 
are written in this booklet.  
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NORTHERN AGRICULTURAL REGION 
Wayne Parker and Martin Harries, Department of Agriculture and Food, Western 
Australia 
2006 was a testing year for all crops in the Northern Agricultural Region.  This year highlighted the fact 
that dry seeding can be spectacularly bad.  As a result there has been a shift in attitude to dry sowing 
many crops, most importantly lupins.  Many growers are now opting for a set end date to sowing rather 
than a start date.  This gives more opportunity for wet sowing of lupins but if the season breaks late 
much of the lupin program is still dry sown.  Much ground truthing and crop modelling was included in 
the 2006 trial program and is reported in an attempt to better understand how to manage the seasonal 
risk of wet versus dry sowing. 
In July and August most lupin crops looked as though they would struggle to yield.  This raised 
concerns that growers would find it difficult to source lupin seed for 2007.  Mandelup was made 
available to trade between growers and fortunately in some areas there was a reasonably soft finish.  
This allowed lupins to yield well enough to be profitably harvested at current prices and 30,000 tonnes 
were delivered to CBH throughout the northern zone.  This represents approximately 10 per cent of 
the 5 year average.  Total wheat deliveries in the northern port zone were also about 10 per cent of 
the 5 year average. 
Kaspa field pea continues to make the headlines with improved standing ability.  In the absence of 
blackspot disease pressure field pea crops continue to yield well where moisture is less limited.  
Shorter season varieties with good standing ability are still in the pipeline.  Release of these varieties, 
better suited to the northern region, is still a couple of years off.  Keep an eye out for the line 
WAPEA2113 which is an exceptionally early flowering pea, selected from a Kaspa crop in 2003.  
The dry 2006 has kept the desi chickpea industry on hold twelve months.  Most on farm bulkups 
planned for Genesis 836 were unsuccessful or did not get sown.  Two varieties of interest to the 
region, Genesis 090 and Genesis 510, were to be bulked in 2006 but only minimal returns from seed 
were made.  Genesis 510 began the season with nearly 35 tons in stock, to finish with approximately 
45 tons unclean. 
The two new Kabuli varieties released last season, Nafice and Almaz, were in high demand from 
growers in Victoria and New South Wales.  They were favoured over the local varieties for their seed 
size and colour and their high levels of resistance to ascochyta.  Kabuli chickpea are best suited to 
higher rainfall conditions.  As such commercial production was put on hold in the northern region in 
2006.  A small amount of Genesis 090 was sown in a block in Moora, yielding 600 kg/ha before seed 
cleaning.  At this stage it is still under evaluation here in the West and has yet to be released for 
growers. 
Neither Faba Bean nor Lentil were of any consequence for the northern growers this season.  All 
crops were sow too late into marginal moisture and did not receive follow up rain to support an 
economic yield.  
Andromeda seed sold out quickly prior to the 2006 season highlighting that growers were keen to try a 
new heavy soil legume.  Most of this seed was kept in storage as it became obvious that it was not a 
good year for bulk-up.  Testing continued on the anthracnose tolerance of other albus lupin lines.  
However, very little was determined this season as the anthracnose trials in the region were 
abandoned through drought and lack of disease.  
There were limited sowing opportunities for canola and dry sown crops struggled throughout the year.  
Patchy germination was compounded by poor growing conditions.  6,000 tonnes were delivered in the 
northern region. 
Feeling remains positive about the future of pulses for the region.  The desi chickpea varieties show 
immense promise, provided farm equity levels don’t disqualify the attempt.  2007 can be the year to 
lay foundations for a new chickpea industry.  
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Development of anthracnose resistant and early 
flowering albus lupins (Lupinus albus L.) in Western 
Australia 
Kedar Adhikari and Geoff Thomas, Department of Agriculture and Food, Western 
Australia 
BACKGROUND 
Andromeda is currently the only variety with substantially improved resistance to anthracnose over 
Kiev Mutant.  It is recommended in medium rainfall areas where the risk of anthracnose is moderate to 
low.  There is a need to develop varieties suitable for high anthracnose risk areas (high rainfall sites) 
in northern agricultural region.  There is also a need to develop varieties for low rainfall areas (east of 
Morawa, Mullewa and Perenjori areas), where Andromeda may not be suitable because of its later 
flowering time compared to Kiev Mutant.  There is a potential to expand albus in to suitable soils in 
Great Southern as there is low risk of anthracnose in this area because of the absence of blue lupins.  
However Andromeda represents no advance in yield compared to Kiev Mutant.  We need to develop 
varieties substantially better than Andromeda in disease resistance and yield potential. 
KEY MESSAGES 
• WALAB2008 has improved level of resistance over Andromeda and it is being bulked up for 
release. 
• The early generation lines have higher level of resistance to anthracnose, but they are in late 
flowering background. 
AIMS 
To develop new albus lupin cultivars with levels of anthracnose resistance sufficient to enable reliable 
production to recommence in WA.   
METHOD 
More than 70 lines in Stage 2 were tested for yield and agronomic characters at Woorree, York and 
Mt Barker.  Due to shortage of seed, not all lines were tested in all sites.  All these lines along with 
segregating populations and F5 derived F6 families were tested for anthracnose reaction in irrigated 
conditions at Medina disease nursery.  Flowering time was studied in F2 populations derived from 
early and late flowering parents (Table 1).  
RESULTS 
Advanced lines 
The Woorree site failed due to drought and yields were poor in York and Mt Barker sites.  Results in 
previous years indicated that WALAB2008 had the best anthracnose resistance among the first cohort 
of crossbred lines, but it was also the latest in maturity.  It yielded almost as much as Kiev Mutant in 
the high rainfall site at Deepdale and suffered the least yield loss at Woorree in high rainfall area 
under disease pressure.  The limited data in 2006 indicate similar results.  Because of its longer 
flowering time, it will not be suitable for low rainfall areas, but it can be grown in medium rainfall areas 
with the advantage of a better level of protection for anthracnose than Andromeda.  Release is 
anticipated in 2007/08.  Its seed was multiplied at the Avondale Research Station in 2006, but owing 
to the severe drought the yields were very low and produced only about 900 kg seed.  Summer seed 
multiplication under irrigation at Manjimup is expected to produce about one tonne by April 2007.   
Besides WALAB2008, there are at least three advanced lines at Stage 2 that are similar to 
Andromeda in anthracnose resistance.  Lines, such as 97B050-4-1, 97B101-3 and 97B120-5-2 seem 
promising, but due to drought their yield performance in 2006 was inconclusive.  The former line 
(97B050-4-1) is earlier and has slightly better resistance to anthracnose than Andromeda.  It flowered 
only a couple of days later than Kiev Mutant, but matured at the same time with Kiev Mutant at 
Woorree. 
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Early generation lines 
Anthracnose resistance, early flowering and low alkaloid content are essential traits in albus breeding 
for Western Australia.  A minimum benchmark for anthracnose resistance is set at the Andromeda 
level.  In 2006 trials at Medina, nearly 200 F3 to F6 families (Figure 1) and more than 40 advanced 
lines (Figure 2) were resistant to anthracnose.  Early generation lines have better resistance to 
anthracnose than the advanced lines indicating further improvements can be made in the disease 
resistance.  Although there are many lines with Kalya level of resistance, they are medium to late in 
flowering.  There was low frequency of early flowering in all crosses and mostly late flowering lines 
were resistant to anthracnose and the early flowering lines were susceptible indicating a linkage 
between the disease resistance and lateness.  However, not all late lines were resistant.  Studies on 
189 F8 derived recombinant inbred lines showed only four early flowering lines and none of them were 
resistance to anthracnose.  Examinations of more than 150 F3 families also indicated the similar 
results.  Since the anthracnose resistance is a recessive trait and there was very low frequency of 
early flowering progenies, the combination of both characters in a single line would be almost a rare 
event if the population size is small. 
Two large populations of F3 families derived from early flowering and anthracnose resistant lines were 
evaluated for anthracnose resistance at Medina.  There were three classes in the population:  
resistant, intermediate and susceptible.  The frequency of the susceptible class was bigger than the 
combined frequency of resistant and intermediate types suggesting the involvement of recessive 
genes for anthracnose resistance.  Screening of nearly 200 inbred lines also indicated similar results.   























Figure 1. Anthracnose resistance in Lupinus albus early generation lines when tested at Medina 
disease nursery in 2006.  Resistance score is 1-9 where 1 is extremely susceptible and 9 is 
immune.  Horizontal axis represents the number of lines/varieties tested. 
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Figure 2. Anthracnose resistance in Lupinus albus advanced lines when tested at Medina disease 
nursery in 2006.  Resistance score is 1-9 where 1 is extremely susceptible and 9 is immune.  
Horizontal axis represents the number of lines/varieties tested. 
In view of having difficulty in finding high frequency of early flowering progenies, a different source of 
early flowering parent was used in crossing.  In 2006, two F2 populations from crosses between early 
flowering (Start) and late flowering (also anthracnose resistant) parents were examined (Table 1).  
Start flowers 4-5 days earlier than Kiev Mutant.  There was segregation for distinctly 3 classes.  More 
plants flowered as early as the earliest parent, Start, showing a dominance of the early flowering trait.  
The segregating classes fit to a 9:6:1 ratio indicating a complete dominance at both gene pairs.  
However when both dominant genes were present the phenotype was early flowering.  If only one was 
present, the phenotype was medium early flowering.  In contrast, another population derived from Kiev 
Mutant/P27174 (early/late) gave only four early flowering plants from a population of 189 suggesting 
flowering is a quantitative character.  This is unusual as flowering time in Kiev Mutant is controlled by a 
single recessive gene (brevis).  Although Kiev Mutant flowers early, it still needs a mild vernalisation to 
induce flowering, whereas Start is supposedly thermoneutral.  The results indicated an influence of 
vernalisation requirement of a parent on the expression of early flowering in progenies and the need of 
a thermoneutral parent in crossing to combine disease resistance and early flowering.  The 
combination of both early flowering and disease resistance is yet to be studied in the above F2 derived 
F3 families.  
Table 1. Segregation of flowering time in F2 populations from two crosses of Lupinus albus 
Number of plants 
Crosses Pedigree 
Early Medium Late Total 
χ2 9:6:1* 
05B017 Start/98B001-5-6-1 115 90 18 223 2.54 
05B019 Start/P27174 31 18 6 55 2.24 
 Total 146 108 24 278 3.35 
* Value for significance at P = 0.05, 2 df is 5.99. 
It seems that high frequency of early flowering progenies can be achieved when the source of early 
flowering is thermoneutral.  Identification of early flowering and thermoneutral parent with large seed 
and pauper gene (low alkaloid content) is essential in the breeding program.  There are supposedly 
thermoneutral lines, such as Start (Russia), P25944 (USA) and P24745 (Wat, a Polish cultivar) in the 
breeding program.  Start has another sweet gene and cannot be used in the breeding program 
(crossing lines with two different sweet genes results in high alkaloid in the progenies.), but the other 
two lines seem to have the same pauper gene as in Kiev Mutant and could be included in crossing 
program.  Now we have identified lines, such as 98B001-5-6-1, 02B002-9, 04B022-42 and 04B025-23 
with a high level of anthracnose resistance in the domesticated background.  Crossing an early 
flowering parent with the above characters to anthracnose resistant parents should give the  
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combination of early flowering and the disease resistance progenies.  Crossing the desired early 
flowering parent with anthracnose resistant Ethiopian lines have potential to produce resistance as 
observed in L. angustifolius cv. Tanjil.  The Ethiopian lines are as resistant as Tanjil, but the resistance 
in progenies has been lower than Tanjil until now.  
CONCLUSION 
WALAB2008 has improved level of resistance over Andromeda.  Its suitability in high rainfall areas 
needs to further examination.  The level of resistance to anthracnose is higher in early generation lines 
showing a promise to develop better anthracnose resistant cultivars in 3-5 years.  The combination of 
early flowering and anthracnose resistance seems to be possible when the source of early flowering is 
thermoneutral.  
KEY WORDS 
L. albus, early flowering, anthracnose resistance, grain yield, inheritance 
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New lupins adapted to the south coast 
Peter White, Bevan Buirchell and Mike Baker, Department of Agriculture and 
Food, Western Australia 
KEY MESSAGES 
• There are several lupin genotypes with resistance to black pod syndrome (BPS), a common 
disorder on the south coast of Western Australia.  
• WALAN2224 produced more than 30% higher yield than Mandelup in situations where BPS was 
severe and may be suitable for release as a new variety for the south coast.  
• We don’t yet fully understand BPS in lupins; there maybe more than one cause. 
INTRODUCTION 
Lupins have a reputation of yielding below their potential in the southern agricultural regions of 
Western Australia.  Observations by Seymour (1994) indicate that yield potential can exceed 4.0 t/ha, 
but harvested yields are often less than 2.0 t/ha.  Common explanations involve excess vegetative 
growth causing poor pod set and low harvest index. 
During 2005 there were several reports that pods on some lupin plants had turned brown or black 
prematurely and that seeds in these pods were poorly developed.  This characteristic, termed black 
pod syndrome (BPS) here, may be one cause of the low and variable yields produced by lupins on the 
south coast.  Mark Sweetingham and Greg Shea observed that there was considerable genetic 
variation to BPS in crop variety testing (CVT) trials at Esperance and Mt Barker during 2005.  The 
varieties Mandelup and Belara seemed more susceptible to BPS, while Quilinock and related 
genotypes seemed less susceptible. 
Gladstones (2003; unpublished report), observed symptoms similar to BPS in lupins trials on the south 
coast in 2001 and 2002 but he attributed the cause to Bean Yellow Mosaic Virus (BYMV).  He noted 
that the varieties Mandelup (then called WALAN2141) and Belara were very susceptible to BYMV but 
Quilinock was not.  Virus screening trials, however, have not shown Quilinock to me more resistant to 
BYMV than Belara (Roger Jones personal communication). 
Two trials were conducted in the Esperance region in 2006 to further investigate BPS in lupins. 
AIMS 
• Determine if there are advanced breeding lines, with potential for release as varieties, that have 
higher tolerance to BPS than Mandelup. 
• Determine if BPS is caused by excessive vegetative growth leading to poor pod set in 
susceptible lines. 
METHOD 
The trial was designed to force plants to set different numbers of pods on the main stem versus lateral 
branches.  This was achieved by varying seeding rate and with the application of paclobutrazol, a 
hormone that increases pod retention in plants. 
The trial was conducted at two locations near Gibson, north of Esperance.  Site 1 was on the 
Esperance Downs Research Station (EDRS) and site 2 was located on the farm of Mr Nils Blumman.  
The trial was a complete factorial of two seeding rates (aiming for 30 and 60 plants/m2), two levels of 
hormone spray (nil and 1000 mL/ha Payback ® (250 g paclobutrazol/L) applied half at big bud stage 
and the remaining half two weeks later) and five genotypes (Quilinock, WALAN2224, WALAN2235, 
Mandelup, Tallerack).  The experiment had a split-plot design.  Seeding rate x hormone spray 
constituted the main-plot.  The trial was sown incorrectly at the Blumann site so it was analysed as an 
unbalanced design using Genstat version 9.1.0.145. 
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Wheat was sown in 2005 at the EDRS site while at the Blumann it had several years of pasture prior 
to establishing the trial.  Soil at EDRS was a grey shallow sandy duplex.  The sand extended to about 
40 cm and sat on top of coarse gravel in a pale, clayey matrix (pH 5.0 at 5 cm; pH 4.5 to 5.0 at 20 cm; 
pH 6.0 at 57 cm (pH taken as a soil water paste)).  Soil at the Blumann site was a deep sandy gravel.  
(pH 5.0 at 4 cm; pH 6.5 at 40 cm and pH 5.5 at 60 cm (pH taken as a soil water paste)). 
Both sites received glyphosate for pre sowing weed control.  Plots were sown on the 12th (EDRS) and 
15th (Blumann) of May 2006.  They were sown on 2 m centres and consisted of six rows spaced 
24 cm apart and 20 m long.  Both sites received 112 kg/ha Summit lupin fertiliser (this is 75% Summit 
pasture and 25% MnSO4) at sowing and Gesaprim (simazine) granules (550 g/ha) immediately post 
sowing.  Aramo (tepraloxydim) was applied on 17 June at 300 mL/ha for post emergent weed control 
at both sites.  Dimethoate (800 mL/ha) was applied to the EDRS site for aphid control on 30 August 
and Fastac (alpha-cypermethrin) was applied to both sites to control native budworm (heliocoverpa) 
on 16 October. 
Whole plots were machine harvested on 30 November. 
RESULTS 
Large patches of the trial at the EDRS site were waterlogged for several weeks during the plants’ early 
vegetative stage.  Many plants died in these patches and others were slow to recover.  Most data 
presented here is from the trial at the Blumann site. 
At five weeks after sowing plant density was high and the numbers of plants established for each 
density treatment was the same across genotypes (Table 1).  At podding many plants showed 
symptoms of blackening (described below) and some plants had died.  Two to five times more plants 
of Tallerack and Mandelup were blackened compared with Quilinock, WALAN2224 or WALAN2235 
(Table 1).  Fewer plants of Tallerack and Mandelup also survived to maturity than for Quillinock, 
WALAN2224 or WALAN2235.   
Hormone spray did not affect plant density or the number of black plants so data in Table 1 is 
averaged across hormone treatments. 
Symptoms of blackening were variable and began to appear about 12 weeks after sowing.  We did not 
attempt to distinguish between the different symptoms.  In some cases whole plants were black and 
appeared dead (Figure 1a); other plants only had some black pods while the rest of the plant 
remained green (Figure 1b); some other plants had one or two black branches (including pods) while 
the rest of the plant remained green (Figure 1c).  All were classified as blackened. 
Table 1. Total number of plants emerged at 5 weeks after sowing, number of plants blackened at 
podding and total number of plants present at maturity at the Blumann site 
Plant density at 5 weeks 
after sowing 
Number of blackened 
plants at podding Plant density at maturity Genotype 
Low PD High PD Low PD High PD Low PD High PD 
Mandelup 35.7 73.4 14.5 16.3 31.8 47.7 
Quilinock 41.5 79.5 5.9 6.3 37.0 72.0 
Tallerack 37.4 74.9 17.1 30.4 29.1 36.9 
WALAN2224 39.1 80.7 6.2 4.6 41.8 68.8 
WALAN2235 36.3 77.2 6.2 7.9 38.7 59.6 
lsd (5%)   9.28 3.60   7.60 
CV% 15.44 21.3 15.96 
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Figure 1. Symptoms of blackening 22 weeks after sowing:  a) some plants were completely black;  
b) some pods on the main stem only turned black; and  c) whole branches including pods of 
other plants turned black. 
WALAN2224 grown at the low plant density and without hormone application produced the highest 
(P < 0.05) grain yield of all genotypes when measured using quadrats (Table 2).  Mandelup produced 
about 40% less grain than WALAN2224 and Tallerack produced the lowest yield of all genotypes 
which was about 70% less than WALAN2224.  Applying hormone tended to increase (P < 0.05) yields  
while growing plants at high density tended to decreased (P = 0.05) yields.  There was no interaction 
between genotype plant density or hormone spray. 
Tallerack produced a lower (P < 0.001) harvest index than other genotypes (Table 2).  Applying 
hormone increased harvest index for all genotypes.  Plant density had no effect on the harvest index. 
Table 2. Grain yield (t/ha) and harvest index using hand-cut quadrats at the Blumann site 
Quadrat grain yield Harvest index 
Nil hormone  Plus hormone Nil hormone  Plus hormone Genotype 
Low PD High PD Low PD High PD Low PD High PD Low PD High PD 
Mandelup 2.11 2.28 2.62 2.19 0.25 0.27 0.31 0.27 
Quilinock 2.63 2.04 3.41 2.94 0.27 0.23 0.29 0.26 
Tallerack 1.14 0.99 1.62 1.33 0.18 0.19 0.22 0.22 
WALAN2224 3.64 2.49 3.20 2.96 0.29 0.28 0.31 0.29 
WALAN2235 2.87 2.55 3.01 2.95 0.28 0.28 0.31 0.29 
lsd (5%)   0.80     0.042 
CV% 21.98 10.82 
WALAN 2224 produced the highest (P < 0.01) grain yield of all genotypes at both the EDRS and 
Blumann sites when the whole plot was harvested (Table 3).  Tallerack, on average, produced the 
lowest yields and Mandelup the second lowest at both sites.  When hormone was applied plants 
produced higher yields at high density compared to low density.  All genotypes responded similarly.   
a) b) c)
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Table 3. Grain yield (t/ha) at the EDRS and Blumann sites after harvesting the whole plot 
EDRS Blumann 
Nil hormone Plus hormone Nil hormone Plus hormone Genotype 
Low PD High PD Low PD High PD Low PD High PD Low PD High PD 
Mandelup 1.21 1.38 1.42 1.51 1.27 1.61 1.32 1.68 
Quilinock 1.44 1.21 1.65 1.76 2.10 1.93 1.86 2.17 
Tallerack 0.92 0.92 0.88 1.18 0.88 1.08 0.94 1.02 
WALAN2224 1.49 1.44 1.79 1.92 2.13 2.07 2.04 2.33 
WALAN2235 1.37 1.08 1.46 1.52 2.04 2.03 2.08 2.05 
lsd (5%)   0.42   0.33 
CV% 21.73 12.99 
Tallerack and Mandelup had higher (P < 0.01) numbers of pods than Quilinock, WALAN2224 or 
WALAN2235 (data not presented).  Plants with symptoms of blackening tended to have more pods on 
their main stem and fewer pods on the secondary branches compared with plants not showing 
symptoms of blackening (data not presented).  Applying hormone tended to decrease the number of 
pods on the main stem but increase the number on the secondary branches. 
DISCUSSION 
WALAN2224, WALAN2235, and Quilinock have a higher level of resistance to BPS than Mandelup 
and are likely to be superior genotypes for environments where BPS is prevalent.  The high yields and 
low level of blackening seen for these genotypes in this trial is consistent with results from CVT trials 
from 2004 to 2006 (Figure 2).  WALAN2224 was consistently high yielding over these three years and 
has been equal to or better than Mandelup.  This was especially apparent in the high yielding year, 
2005, when WALAN2224 out performed all named varieties.  WALAN2224 has a lower level of 
anthracnose than Mandelup (it is equivalent to Belara), but the south coast region is not a high risk 
area for anthracnose.  It also has poor tolerance of the herbicide metribuzin (equivalent to Tanjil).  
Most other characteristics are sufficient to allow it to meet the standards for release. 
Black Pod Syndrome does not appear to be caused by excessive vegetative growth and subsequent 
poor pod set because Tallerack and Mandelup showed higher levels of BPS but also higher numbers 
of pods.  Similarly, BPS does not seem to be caused by the lateral pods forming a large sink and 
drawing assimilates away from pods on the main stem because plants with higher levels of BPS had 
fewer pods on lateral branches.  Furthermore, hormone application changed the yield, harvest index 
and pod numbers but had no affect on the severity of BPS.  Finally, symptoms of plant blackening first 
appeared about 12 weeks after sowing, which was before plants were developing pods on lateral 
branches.  Clearly, however, there was some relationship between pod number and BPS.  We don’t 
know whether the differences in pod number are a cause or a consequence of BPS. 
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Figure 2. Yield of lupin varieties and breeding lines in CVT at Esperance Downs Research Station from 
2004-06. 
It is likely that there is more than one cause of BPS which may interact.  Genotypes such as 
WALAN2224 may have some tolerance to one of the causes but not the other.  The range of 
symptoms seen in plants was diverse so it is difficult to favour either a pathogen or physiological 
(e.g. nutrient deficiency) cause for the disorder.  Some of the symptoms in plants were very similar to 
those caused by BYMV, but, separate screening trials, conducted during the year in South Perth did 
show a difference between these genotypes in their susceptibility to BYMV. 
The different effect that plant density had on grain yields when measured by hand-cutting quadrats or 
machine harvesting whole plots is likely to be caused by edge effects.  The quadrat yields only 
sampled the inner four rows of the plot, leaving the two outer rows behind.  These two outer rows are 
included in the whole-plot yields and are likely to bias results because they had less competition for 
water, nutrients and light.  Mr Nils Blumann, the owner of the farm on which the trial was conducted 
said that yields of his lupin crops are reduced when there are more than 30 plants per square metre. 
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Lupin species and row spacing interactions by 
environment 
Martin Harries, Peter White, Bob French, Jo Walker, Mike Baker and Laurie 
Maiolo, Department of Agriculture and Food, Western Australia 
BACKGROUND 
The aims of these trials were; to asses the effects on environment, row spacing and their interactions 
on lupin plant growth and yield of three lupin species. 
Recently L. angustifolius has been proven to yield well in wide rows of 50 cm throughout much of the 
Western Australian lupin growing area.   The use of wide rows may improve harvestability (increased 
plant height), delay the onset of terminal drought and allow alternative weed management options to 
be utilised.   There is also interest in assessing the suitability of other lupin species, L. luteus/yellow 
and L. albus to wide row cropping to determine if the same advantages observed in angustifolius 
translate to these species. 
METHOD 
A series of trials were undertaken across a range of environments throughout the wheatbelt.  Eight 
trials were sown at five sites; Mullewa, Mingenew, Merredin, Mount Barker and Boyup Brook.  Two 
trials at Mullewa and one at Mingenew were abandoned due to drought.  Sites in this analysis include 
two from Merredin one on a light soil and one on a loam, Mingenew sandplain, Boyup Brook forest 
gravel and a Mount Barker loamy gravel.  The Merredin Light site was seeded on 24 May, Merredin 
Heavy 25 May, Mingenew 26 May, Boyup Brook 31 May and Mount Barker 3 July.  At each site 
treatments included three lupin species, narrow leaf, yellow and albus combined factorially with 4 row 
spacings 25, 50, 75, 100 cm.  The 12 treatments were arranged in four randomised complete blocks.  
Plots varied in width from 3.0 to 4.0 meters wide depending on row spacing and were 18 meters long.  
Plant density, height, width, biomass, pod height, yield, grain yield components and grain quality were 
measured. 
RESULTS AND DISCUSSION 
Establishment 
Average establishment was 35 plants per square meter.  This was lower than the target of 40-45 
plants per square meter.  Across sites plant population ranged from 32 to 39 plants per square meter, 
Mount Barker with the highest of 39 and Merredin Light soil site lowest with 32.  The narrow leaf lupins 
established better than albus and yellows, by 5 and 7 plants/m2 respectively (Table 2). 
Vegetative biomass 
Albus produced less biomass than the other species (Table 1).  Averaged over sites row spacing was 
inversely proportional to crop weight, all spacings significantly different.  Biomass production at Mount 
Barker was five times lower than at Mingenew site.  This equated to growth rates of 0.26 and 
1.8 grams per day respectively clearly indicating reduced winter growth in the cooler climate.  Species 
biomass production response to row spacing averaged across the sites did not differ significantly.  
Species produced different amounts of biomass relative to each other at different sites.  At Mount 
Barker all species produced statistically the same biomass.  At Mingenew and Merredin Heavy soil all 
species produced significantly different biomass narrow leaf the most and albus least.  It was apparent 
from this early sampling that the species varied in their environmental adaptation, as expected.   
Biomass production in each row spacing differed between sites.  At all sites except Mingenew the 
25 cm rows produced the most biomass, significantly more than all wider spacings.  At Mingenew the 
50 cm spacing produced more biomass than the other spacings.  Mount Barker was the least 
responsive site with all spacings except the 25 cm being statistically the same.  Boyup Brook, 
Merredin Heavy and Mingenew were very responsive to row spacing, all spacings with significantly 
different biomass than each other.  Clearly the impact on crop growth caused by sowing the plants in 
different rows was influenced heavily by environment.  There was no three way interaction. 
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Flowering biomass 
All species produced different biomass, albus lowest and narrow leaf highest (Table 1).  Averaged 
across sites each row spacing contained significantly different biomass, inversely proportional to row 
spacing.  All trials produced different biomass except the two at Merredin.  Of the locations Boyup 
Brook produced the most biomass and Mingenew least.  Species responded differently across the 
sites.  Narrow leaf lupin produced significantly more biomass than the other species at Boyup Brook, 
Mount Barker and Merredin Heavy.  At Merredin Light and Mingenew narrow leaf and yellow lupin 
produced more biomass than albus.  At three locations, Boyup Brook, Mount Barker and Merredin 
Heavy row spacing was inversely proportional to biomass and significantly different at all treatment 
levels.  At Merredin Light and Mingenew the response of biomass production to row spacing was not 
as pronounced.  Species biomass production responses to row spacing changed at different locations.   
Narrow leaf biomass across the row spacings was less affected by site than the other species.  Mount 
Barker was the only site where the 25 cm row biomass of narrow leaf lupin was statistically higher than 
50 cm.   
Plant width growth rate (pwgr) at 50% flowering 
Each species differed in pwgr to flowering, abus slowest and yellow fastest (Table 2).  Plants in 
100 cm rows grew horizontally at 0.4 cm per day almost twice the rate in 25 cm rows.  Hence when 
plants were placed in rows wider apart they did tend to explore laterally at a faster rate.  Pwgr at 
Boyup Brook was slowest, 0.22 cm/day, Mingenew and Mount Barker the most rapid.  The fact that 
Mt Barker was sown much later than the other sites may have contributed to the high relative growth 
rate of this southern site.  While all species had higher pwgr at wider row spacings albus pwgr was 
slowest to flowering at all row spacings.  At Boyup Brook there was no difference in pwgr at flowering 
of any species.  At Mount Barker and the Merredin Heavy sites albus lupin grew at a slower rate than 
the other species.  At the Merredin Light and Mingenew sites all species grew at different rates albus 
slowest and yellow lupin fastest.  Row spacing and site interacted.  At all sites 25 cm rows had the 
slowest pwgr, in most cases this was significantly different from all other row spacings.  At some sites 
the differences between row spacings where marked, for example at Mingenew pwgr in 100 cm rows 
was over twice that in 25 cm rows.  In contrast the 100 cm row spacing was not significantly different 
to the 25 cm spacing rate at Boyup Brook.  The response of each species to row spacing changed 
with site.  For example albus was most responsive to row spacing at the Mingenew site, pwgr 
increasing significantly at each wider spacing.  Conversely at Boyup Book the rate of plant width 
growth at 25 and 100 cm were statistically the same. 
Final % area coverage 
Each species on average covered a significantly different area of the ground.  Narrow leaf, yellow and 
albus covered 81, 78 and 65% of the ground respectively (Table 2).  Row spacing had a large effect 
on area cover, as expected.  Twenty-five, 50, 75 and 100 cm rows covered 98, 83, 65 and 53% of the 
ground respectively.  All sites had statistical differences; Boyup Brook 86%, Mount Barker 79%, 
Mingenew 75%, Merredin Light 72% and Merredin Heavy 62%.  As row spacing increased differences 
in the species ability to cover the ground became prominent.  In 25 cm rows all species covered close 
to 100% of the ground.  At 50 cm and wider albus lupin ground coverage was less than the other 
species.  At 75 cm and wider yellow lupin ground coverage was less than narrow leaf lupin.  At Boyup 
Brook and Mount Barker all species covered different amounts of ground, albus lowest and narrow 
leaf highest.  At the other sites yellow and narrow leaf species covered similar ground, more than 
albus.  Coverage was highest at Boyup Brook, the 50, 75 and 100 cm rows with significantly more 
coverage than at any other site.  Mount Barker grew significantly more cover at the 50, 75 and 100 cm 
spacings than all sites apart from Boyup Brook.  There was a significant interaction of the species 
responding differently to row spacing across the sites.  However, the lowest final ground area 
coverage of all species occurred at Merredin Heavy in 100 cm rows.  Albus, yellow and narrow leaf 
with 31%, 39 and 38% ground cover respectively. 
Harvest height (lowest main stem pod) 
Pods of albus plants were closet to the ground then narrow leaf then yellow, 32, 35, and 41 cm 
respectively.  Plants in the 25 cm rows had lower pod height than the other row spacings, 34 cm.  
Plants in the 75 cm rows had their pods highest from the ground, 38 cm.  All sites except the two at 
Merredin had significantly different final plant heights.  Plants at Merredin trials had pods lowest to the 
ground, 26 cm and Boyup Brook highest 46 cm.  At Boyup Brook and Mount Barker pods of yellow  
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lupin were further from the ground than albus or narrow leaf.  At Merredin Heavy albus pods were 
closer to the ground than those of both narrow leaf and yellow lupin.  At the remaining two sites all 
species had different pod heights albus lowest and yellow highest. 
Yield 
Narrow leaf lupin yielded higher than the other species, it is more widely adapted than yellow or albus 
lupin.  Albus yielded 64 per cent and yellow 57 per cent of narrow leaf lupin (Table 3).  Twenty-five 
centimetre rows yielded higher than all other spacings and the 100 cm rows lower than all other 
spacings.  Note that there was a location by row spacing interaction and the higher yielding southern 
sites had more leverage on this response, this is discussed below.  The 100 cm row spacing yielded 
57 per cent of the 25 cm row spacing.  Yield from the various locations ranged from 543 kg/ha at 
Merredin Heavy to 1586 kg/ha at Boyup Brook.  The Merredin sites had similar yields, lower than all 
other sites.  All the other sites had significantly different yields, Boyup Brook highest then Mount 
Barker then Mingenew.  As a percentage of the 25 cm rows when averaged across sites yellow lupin 
yield declined less than the other species.  However the species by row spacing interaction was not 
significant.  This was surprising given the very different plant growth responses to row spacing 
recorded from each species.  The species responded to the various locations differently as would be 
expected given they are naturally adapted to different soils.  Narrow leaf lupin yield was higher than 
the other species at all locations and was more uniform across the sites.  The lowest yielding narrow 
site was 45 per cent of the highest, compared to 25 and 31 per cent for albus and yellow respectively.  
Narrow leaf lupin yielded significantly more than both other species at all sites except Boyup Brook 
where albus yield was statistically the same.  At Merredin Heavy and Merredin Light albus and yellow 
had similar yields.  At Mount Barker and Boyup Brook albus yielded significantly more than yellow; 
albus yielded far better at the southern sites.  Yellow lupin yielded poorest on the heavy soil at 
Merredin.  It was hypothesised that in northern areas there would be less of a yield response to wide 
rows compared to southern sites where narrow rows are required to ensure early crop vigour.  The 
results show this to be the case.  Averaged across species at the Merredin heavy site there was no 
significant difference in yield of any row spacing.  At the Mingenew and Merredin Light sites yield of all 
spacings except 100 cm were the same, 100 cm yield was significantly lower.  In contrast at Boyup 
Brook and Mount Barker 25 cm rows yielded significantly more than all other row spacings.  Note that 
because the southern sites yielded better than the northern sites the trend of high highest yield at 
25 cm translated to the row spacing main effect response, as indicated above.  There was no 
significant species by row spacing by location interaction. 
CONCLUSIONS 
Averaged across species yield declined when sowing in 50 cm rows compared to 25 cm rows at 
southern sites.  While albus lupin plants grew more slowly in wide rows and there was a trend that 
yellow lupin yields were more stable with row spacing there was no significant difference of species 
yield response to row spacing.  The three way interaction of main effects was not significant indicating 
that narrow leaf, yellow and albus lupin can be grown in rows up to 50 cm in the central and northern 
wheatbelt without compromising yield.  When comparing the two trials at Merredin on the different soil 
types it was evident that wide rows were better used on heavy soils at this site, see the paper “The 
interaction of lupin species, row spacing and soil type” published in this booklet for further information. 
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Table 1. Vegetative and 50% flowering biomass (g/m2), harvest height (lowest pod, cm), harvest index 
Vegetative biomass 50% Flowering biomass 
Species Row (cm) BB MB MH ML MI BB MB MH ML MI 
Albus 25 120 21.9 112.0 62.9 136.0 531.6 444.8 274.9 256.1 210.5 
 50 86.8 17.3 61.8 64.4 131.3 478.1 357.5 228.8 168.5 158.0 
 75 76.5 18.0 70.5 54.4 99.0 397.0 291.8 164.6 159.4 192.7 
 100 45.3 13.0 62.2 51.3 73.7 246.1 204.1 121.0 153.7 121.4 
NLL 25 109 19.0 123.5 107.8 199.5 734.2 620.4 361.1 427.0 310.5 
 50 84.6 19.7 117.5 75.1 243.6 768.6 523.1 353.5 339.9 423.0 
 75 78.4 12.7 75.0 76.9 210.0 523.7 346.2 295.6 355.9 457.2 
 100 36.2 12.9 76.2 72.3 135.3 377.4 425.6 288.6 323.9 321.5 
Yellow 25 92.7 15.3 126.4 111.5 185.2 654.5 425.1 290.7 444.4 400.1 
 50 83.7 15.3 76.3 79.5 219.1 495.7 305.2 232.3 337.5 382.8 
 75 61.0 13.0 89.3 78.1 186.2 468.2 277.0 268.7 318.4 366.5 
 100 53.2 9.9 74.9 69.0 115.1 394.2 207.7 155.2 264.6 274.1 
Species **7.2  **21.1 
Row spacing **8.3  **24 
Location **9.3  **27.2 
Species*row 14.3  42.2 
Species*location **16  **47.1 
Row spacing*location **18.5  **54.4 
Species*row spacing*location 32.1  *94.3 
Table 2. Establishment (p/m2), Final row width (cm), plant width growth rate (cm/day), Final coverage 
(% area) 
Establishment PWGR 50% flower Final coverage 
Species Row (cm) BB MB MH ML MI BB MB MH ML MI BB MB MH ML MI 
Albus 25 36.2 40.8 40.5 37.7 41.8 0.193 0.241 0.251 0.222 0.152 99.4 100.0 97.8 100.0 77.8 
 50 34.4 44.6 32.9 33.7 30.2 0.226 0.367 0.286 0.255 0.253 89.7 87.0 56.9 66.9 54.1 
 75 34.1 29.4 24.7 31.7 35.6 0.281 0.450 0.280 0.262 0.386 75.1 60.3 37.1 44.6 49.7 
 100 18.6 34.5 27.9 32.9 27.3 0.164 0.436 0.324 0.282 0.537 55.6 44.5 30.6 34.6 41.6 
NLL 25 47.6 52.9 49.3 29.9 43.4 0.199 0.251 0.254 0.268 0.302 100.0 100.0 91.5 100.0 100.0 
 50 47.5 57.3 41.9 29.0 38.7 0.289 0.415 0.325 0.307 0.508 99.4 90.6 70.5 83.8 97.1 
 75 42.9 28.8 34.5 30.8 39.0 0.201 0.558 0.363 0.315 0.296 92.5 77.2 56.7 66.1 75.7 
 100 19.2 50.5 39.4 30.4 28.4 0.197 0.571 0.345 0.349 0.649 73.0 71.2 39.4 53.4 71.4 
Yellow 25 41.4 42.8 37.8 34.4 36.5 0.203 0.277 0.254 0.313 0.305 100.0 100.0 100.0 100.0 100.0 
 50 38.1 37.3 28.7 32.1 31.3 0.253 0.398 0.325 0.308 0.527 95.9 90.1 71.6 89.5 96.5 
 75 42.7 22.8 20.3 29.0 35.5 0.217 0.492 0.331 0.343 0.523 82.5 62.4 53.5 66.8 70.8 
 100 27.5 22.0 21.6 30.0 21.4 0.258 0.532 0.358 0.365 0.625 68.8 59.6 38.3 52.6 62.8 
Species **2.0  **0.013  **1.7 
Row spacing  **2.3  **0.015  **1.9 
Location **2.6  **0.017  **2.2 
Species*row  4.0  *0.026  **3.4 
Species*location **4.5  **0.029  **3.7 
Row spacing*location **5.0  **0.034  **4.3 
Species*row spacing*location 9.0  **0.058  **7.5 
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Table 3. Yield (kg/ha) 
BB MB MH ML MI 
Species Row spacing YD % 25 cm YD 
% 
25 cm YD 
% 
25 cm YD 
% 








Albus 25 2015 100 1743 100 462 100 641 100 677 100 1241 877 
  50 1803 89 1335 77 418 90 556 87 739 109 1086  
  75 1605 80 1153 66 409 89 517 81 588 87 986  
  100 1123 56 843 48 333 72 316 49 261 39 704  
NLL 25 2519 100 2398 100 810 100 1181 100 1629 100  1362 
  50 1645 65 2025 84 1037 128 1041 88 1228 75   
  75 2113 84 1404 59 789 97 980 83 1524 94   
  100 1222 49 1580 66 705 87 551 47 856 53   
Yellow 25 1337 100 1067 100 362 100 717 100 1051 100  774 
  50 1492 112 956 90 376 104 739 70 906 86   
  75 1374 103 512 48 382 106 607 58 831 79   
  100 791 59 712 67 433 120 375 36 464 44   
Site average 1045  1311  543  685  896    
Species **110 




Row spacing*location *284 
Species*row spacing*location 491 
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The interaction of lupin species row spacing and soil 
type 
Martin Harries, Bob French, Laurie Maiolo and Jo Walker, Department of 
Agriculture and Food, Western Australia 
BACKGROUND 
Angustifolius lupins have been proven to yield well in wide rows of 50 cm throughout much of the 
Western Australian lupin growing area.  The use of wide rows may increase harvestability (increase 
main stem pod height), delay the onset of terminal drought and allow the use of alternative weed 
management options such as shielded spraying.  Anecdotal observations indicated that wide rows 
may provide better yield stability than narrow rows on heavy textured soils.  There is also interest in 
assessing the suitability of alternative lupin species, luteus/yellow and albus to wide row cropping to 
determine if the same advantages observed in angustifolius translate to these species. 
METHODS 
Two trials were located on the Merredin Department of Agriculture and Food Research Station.  The 
sites had distinctly different textured soils and were within few kilometres of each other.  Sowing was 
on 24 May and 25 May.  Treatments sown at each site included 4 row spacings; 25, 50, 75 and 
100 cm and three lupin species; L. angustifolius, L. albus and L. luteus.  These treatments were 
arranged factorially, 12 treatments, into four randomised complete blocks.  Plant density, height, width, 
biomass, plant height, pod height and yield were measured. 
RESULTS 
Establishment 
Plant population was sparser and less uniform than desired.  Both sites had similar overall 
establishment, 32 and 33 plants per square meter compared to the target density of 45 plants per 
square meter.  Narrow leaf and albus established better than yellows, by 3.5 and 6 plants per square 
meter respectively.  Establishment was better in 25 cm than wider rows. 
Biomass production 
Biomass production was measured on 5 September and 6 October.  At the first time of sampling there 
were significant differences for all treatments, but not their interactions (Table 1).  Albus lupin 
produced less biomass than narrow leaf or yellows.  There was a trend for reduced biomass with wider 
row spacing.  The only significant response was that 25 cm row plots produced more biomass than 
wider row plots.  The heavy soil produced more biomass than the lighter soil type at this early 
sampling.  At the second time of sampling there were highly significant differences resulting from all 
treatments and the interaction between species and row spacing.  Narrow leaf produced the most 
biomass, then yellow, then albus.  Plants in the 25 cm rows produced the most biomass, 50 and 
75 cm were statistically the same and 100 cm rows produced less biomass than all other spacings.  
The light soil produced more biomass than heavy soil.  This change from the earlier observation is 
explained by growth rate data below.  The species responded differently across the two sites/soil 
types.  Albus biomass was similar at both sites.  Narrow leaf biomass was statistically different 
between the two sites, higher on the light soil.  Yellow lupins also produced more biomass on the light 
soil.  The response of yellow lupin to soil type was far greater than the other two species, indicating 
that yellow lupins are poorly adapted to the heavy soil compared to the other species. 
Single plant biomass 
This was recorded at the same times as biomass production.  Plant weight on 5 September differed 
between species and row spacing.  Yellow lupin plants were heavier than the other two species and 
plants in the 25 cm rows were heavier than all the other row spacings.  On 6 October there were 
highly significant differences caused by all treatments and the interaction between species and row 
spacing.  Albus plants were lighter than narrow leaf and yellow.  Plants grown in 25 cm rows were 
heavier than those in all other row spacings.  Plants on the light soil were heavier than those on the 
heavy soil.  Weight of albus and narrow leaf did not change with soil type.  Yellow lupin plants on the 
heavy soil were lighter than those on the sand, indicating poor adaptation to heavy soils.  
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Plant height 
Final plant height was affected by species and row spacing.  Yellow, narrow leaf and Albus all had 
significantly different final heights 54, 47 and 42 cm respectively.  The 25 cm row plants were 
significantly shorter, 2, 4 and 4 cm than the 50, 75 and 100 cm spacings respectively.   
Plant width 
Final plant/row width was highly significantly affected by all treatments and also by interactions of 
species and row spacing and species and soil type.  Albus lupin plants were narrower than the other 
two species.  Plant width increased proportionally with row spacing.  Twenty-five centimetre row plants 
were thinner than plants at all other row spacings.  Plants grown in 50 cm rows were thinner than 
those grown in the 75 and 100 cm rows.  Plants on the heavy soil were approximately 25 per cent 
thinner than those on the light soil.  The species reacted differently to the row spacings.  All species 
were narrowest in the 25 cm rows where they covered the entire row.  Albus lupin plant width was 
approximately 30 cm at the 50, 75 and 100 cm row spacings.  Narrow leaf and yellow lupin continued 
to increase plant width in response to the widening of rows from 50 to 75 cm but not from 75 to 
100 cm.  At 33 days after sowing the rate of plant width growth was only affected by row spacing.  
Plants grown in 25 and 50 cm rows had slower rates of horizontal growth than 75 and 100 cm plants. 
Ground cover 
Ground cover was measured as the percentage of ground area covered and rate as percentage of 
ground area covered per day.  This variable was significantly affected by all treatments and treatments 
combinations except the three way interaction.  Albus lupin covered less area than the other two 
species.  Ground cover was inversely proportional to row spacing, each spacing significantly different 
from each other.  There was a higher percentage of ground cover on the light soil type.  Albus lupin 
had lower ground coverage than the other species at the 50, 75 and 100 cm row spacings.  At both 
sites/soil types the albus lupins covered less ground than other species.  The coverage when sown in 
25 cm rows was the same regardless of site.  All other row spacing had significantly lower ground 
coverage at the heavy site. 
The rate of area coverage was only affected by row spacing when measured after 33 days.  Rates 
averaged over the growing season reflected the final coverage results. 
Harvest height 
This was measured as height of main stem pods from the ground.  All species had significantly 
different harvest heights.  Albus lupin pods lowest, then narrow leaf, then yellows.  Harvest height 
increased with increasing row spacing up to 75 cm.  The difference between 25 cm and 75 and 
100 cm was approximately 3.5 cm.  Soil type or interactions did not significantly alter harvest height. 
Harvest index 
Harvest index of yellow lupin was lower than that of the other two species.  Row spacing influenced 
harvest index.  The 50 cm and 75 cm rows had a higher harvest index than the other row spacings.  It 
was unusual that harvest index declined at the 100 cm row spacing.  This occurred because maximum 
biomass production at the light site was similar for 50 cm and wider rows but yield declined 
dramatically at the 100 cm spacing.  In many other similar row spacing trials harvest index has 
consistently increased with row spacings out to 100 cm.  Other variables did not significantly influence 
harvest index. 
Yield 
Yields were low due to the dry season however all of the main effects resulted in highly significantly 
different yields.  Narrow leafed lupins yielded higher than the other species, approximately double the 
yield of the other species at both sites when averaged across the row spacings.  Averaged across all 
other variables 25 and 50 cm rows yielded almost exactly the same while yields dropped at 75 and 
further at 100 cm.  The lighter soil site yielded higher than the heavy soil site. 
Interactions also occurred.  Narrow leaf and yellow lupins had statistically the same yields at 25 and 
50 cm row spacings.  Albus lupin reacted differently to row spacing with 25 cm yielding highest and 
yields declining progressively and significantly at each wider spacing, averaged across the sites. 
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The species all yielded better in the lighter soil.  Yellow lupins were most responsive to soil type 
however; this interaction was not quite statistically significant (F prob 0.055).   
There was a highly significant interaction of soil type and row spacing.  Yields at 25, 50 and 75 cm on 
the heavy soil were statistically the same.  Yield was highest on the heavy soil at 50 cm and declined 
only at the very wide spacing of 100 cm to be approximately 80% of the 50 cm row yield.  On the 
lighter soil yield declined significantly at 75 cm and at 100 cm yield declined dramatically to 
approximately 50% of the 25 cm spacing yield.   
There were no significant three way interactions.  All species had more stable yield with row spacing in 
the heavier soil type than on the lighter soil. 
Grain quality and yield components 
This data was not available at time of printing please contact the author for more information. 
CONCLUSIONS 
Narrow leaf lupin was the highest yielding species at both sites, approximately double the yield of the 
other species.  Averaged across all other variables in the trial yield declined at spacings wider than 
50 cm.  Plants on the light site had greater lateral and horizontal growth late in the season resulting in 
the light site yielding 128% of the heavy site. 
The response to row spacing was markedly different between the soil types.  Wide rows yielded better 
relative to narrow rows on the heavy soil compared to the light soil.  This supports the hypothesis that 
wider rows were better used on heavy soils. 
Species growth and yield responded differently to row spacing, when averaged across the sites.  
Albus lupin was less capable of exploring the inter row space and as a result yield dropped 
significantly at any spacing wider than 25 cm.  Narrow leaf and yellow lupin plants were more vigorous 
both horizontally and vertically consequently yields did not decline until plants were grown in rows of 
wider than 50 cm, averaged across both sites. 
This year at the Merredin heavy soils site narrow leaf lupin sown in wide rows of 75 cm and yellow 
lupins sown in wide rows of 100 cm yielded statistically they same as 25 cm rows.  Rows wider than 
50 cm on light sandy soils compromised yield of these species.  Albus lupin is less suited to 
production in rows wider than 25 cm on light soils compared to heavy soils.  On the heavy soil 
increasing row spacing to 75 cm had little effect on albus yield.  Yellow lupin is poorly suited to growth 
on heavy soils. 
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Table 1. Establishment (plants/m2), Plant dry weights (g), Biomass production (g/m2), Lodging %, Lowest pod height (cm), harvest index 
Establishment BM g/m2 5/9 BM g/m2 6/10 Pt. wt 5/9 Pt. wt 6/10 Lowest pod height Harvest index Species Row spacing 
Heavy Light Heavy Light Heavy Light Heavy Light Heavy Light Heavy Light Heavy Light 
Albus 25 40.5 37.7 112.0 62.9 274.9 256.1 2.71 2.01 5.61 6.13 22.4 17.2 0.182 0.279 
 50 32.9 33.7 61.8 64.4 228.8 169.5 1.52 1.74 5.00 4.14 23.9 20.8 0.295 0.343 
 75 24.7 31.7 70.5 54.4 164.6 159.4 1.71 1.43 4.16 3.48 24.4 20.0 0.188 0.332 
 100 27.9 32.9 62.3 51.4 121.0 154.7 1.76 1.74 3.22 4.61 25.7 21.6 0.213 0.204 
NLL 25 49.3 29.9 123.5 107.8 361.1 427.0 2.51 2.34 6.89 7.16 27.0 24.7 0.178 0.279 
 50 41.9 29.0 117.5 75.1 353.5 340.9 2.20 1.78 6.14 7.22 29.4 24.9 0.242 0.307 
 75 34.5 30.8 75.0 76.9 295.6 356.9 1.63 1.75 5.76 7.05 27.4 26.0 0.219 0.274 
 100 39.4 30.4 76.2 72.3 288.6 324.9 1.77 1.79 6.30 6.06 28.1 27.1 0.325 0.174 
Yellow 25 37.8 34.4 126.4 111.5 290.7 444.4 2.93 2.61 6.14 10.56 25.4 30.2 0.192 0.161 
 50 28.7 32.1 76.3 79.5 232.3 338.5 2.27 2.57 5.00 7.67 26.0 33.1 0.221 0.223 
 75 20.3 29.0 89.3 78.1 268.7 318.4 2.26 2.51 5.06 8.04 29.4 34.5 0.259 0.190 
 100 21.6 30.0 74.9 69.0 155.2 265.6 1.94 2.29 4.190 5.920 26.9 32.3 0.229 0.144 
Species  *4.023  **10.68  **25.71  **0.255  **0.735  **1.213  *0.03237 
Row spacing  **4.645  **12.34  **29.69  **0.294  **0.848  *1.40  *0.03737 
Soil type  3.28  *8.72  **20.99  0.21  **0.6  0.99  0.02643 
Species*row  8.05  21.37  51.4  0.51  1.47  2.43  0.06474 
Species*soil type  5.69  15.11  *36.36  0.36  **1.039  1.72  0.04577 
Row spacing*soil type  6.57  17.45  42  0.42  1.2  1.98  0.05286 
Species*row spacing*soil type 11.4  30.22  72.7  0.72  2.08  3.43  0.09155 
 * Significant p < 0.05. 
** Highly significant, p < 0.001. 
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Table 2. Plant growth rates (cm/day), Ground cover rate (% area per day), Final plant height and row width (cm), Final ground cover (% ground area) 
Ht rate 31 +das Row width rate 33 das 
Ground cover rate 
33 das Final pt ht Final row width 
Final % ground 
cover Species Row spacing 
Heavy Light Heavy Light Heavy Light Heavy Light Heavy Light Heavy Light 
Albus 25 0.2473 0.2020 0.2380 0.2270 0.9520 0.9090 39.7 38.5 24.7 28.4 97.8 100.0 
 50 0.2540 0.2298 0.1230 0.3110 0.2460 0.6210 45.3 38.2 28.4 33.4 56.9 66.9 
 75 0.2594 0.2462 0.4150 0.3830 0.5540 0.5100 44.0 41.0 27.8 33.4 37.1 44.6 
 100 0.2755 0.2576 0.4350 0.3430 0.4350 0.3430 45.4 40.4 30.6 34.6 30.6 34.6 
NLL 25 0.2836 0.2336 0.2020 0.2100 0.8060 0.8410 44.5 44.6 23.6 32.9 91.5 100.0 
 50 0.2970 0.2677 0.1980 0.2900 0.3950 0.5800 46.3 46.4 35.3 41.9 70.5 83.8 
 75 0.3078 0.2866 0.4900 0.4370 0.6530 0.5830 51.3 47.7 42.5 49.6 56.7 66.1 
 100 0.3011 0.2841 0.3890 0.5080 0.5940 0.5080 46.6 47.9 39.4 53.4 39.4 53.4 
Yellow 25 0.1962 0.1604 0.1960 0.1860 0.7820 0.7420 47.4 55.7 28.5 35.4 100.0 100.0 
 50 0.1962 0.1730 0.1290 0.2560 0.2580 0.5110 49.7 57.2 35.8 44.8 71.6 89.5 
 75 0.2043 0.1881 0.4310 0.3750 0.5750 0.5000 53.7 58.0 40.1 50.1 53.5 66.8 
 100 0.1922 0.1730 0.5750 0.3120 0.5750 0.3130 53.3 59.7 38.3 52.6 38.3 52.6 
Species **0.00979  0.0618  0.0951  **1.774  **1.765  **2.41 
Row spacing **0.0113  **0.0714  **0.1099  **2.048  **2.038  **2.783 
Soil type **0.00799  0.0505  0.0777  1.448  **1.441  **1.968 
Species*row 0.0196  0.1237  0.1903  3.547  **3.531  **4.821 
Species*soil type 0.0138  0.0874  0.1345  2.508  *2.496  *3.409 
Row spacing*soil type 0.016  0.101  0.1554  2.896  2.88  *3.936 
Species*row spacing*soil type 0.0277   0.1749   0.2691   5.016   4.99   6.818 
 * Significant p < 0.05. 
** Highly significant, p < 0.001. 
+ Days after sowing. 
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Table 3. Yield (kg/ha) 
Species Row spacing Heavy soil Light soil Row spacing average 
Species 
average 
Albus 25 462 641 696 457 
  50 418 556 695  
  75 409 517 614  
  100 333 316 452 887 
NLL 25 810 1181   
  50 1037 1041   
  75 789 980   
  100 705 551   
Yellow 25 362 717  499 
  50 376 739   
  75 382 607   
  100 433 375   
Soil type average  543 685   
Species **55.6 
Row spacing **64.2 
Soil type **45.4 
Species*row *111.2 
Species*soil type 78.6 
Row spacing*soil type **90.8 
Species*row spacing*soil type 157.3 
 * Significant p < 0.05. 
** Highly significant, p < 0.001. 
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The effects of row spacing and crop density on 
competitiveness of lupins with wild radish 
Bob French and Laurie Maiolo, Department of Agriculture and Food, Western 
Australia 
KEY MESSAGES 
• Lupins are more competitive with wild radish at high than at low crop densities.  However, even 
at densities above 100 lupin plants/m² wild radish can reduce lupin grain yield by up to 40% and 
is able to set significant amounts of seed if it is not controlled. 
• Lupin row spacing had no clear effect on competitiveness with wild radish.  Any effect was only 
at crop densities of 80 plants/m² and above.  
• Growers should keep lupin densities above 40 plants/m² to minimise competition from wild 
radish but this will only be a small part of integrated weed management for wild radish in lupins. 
BACKGROUND 
The increasing prevalence of herbicide resistance in important weeds of lupins means that integrated 
weed management (IWM) packages are becoming increasingly important for lupin growers.  Since 
lupins have a reputation for not being a competitive crop we have been searching for ways to make 
them more competitive.  Increasing lupin row spacing from 20 to 60 cm reduces lupin competitiveness 
against annual ryegrass, but raising crop density increases it (French and Maiolo 2006).  We describe 
here a trial designed to investigate the effect of row spacing and crop density on the competitiveness 
of lupins with wild radish. 
METHOD 
Mandelup lupins were sown in 25 or 50 cm rows at crop densities of 0, 10, 20, 40, 80, or 120 plants/m² 
at Wongan Hills Research Station on a site with a background population of wild radish.  The trial was 
sown on 29 May but emergence was delayed by dry conditions during June.  Half of the plots were 
sprayed with Brodal after radish seedlings emerged to give weed-free control treatments.  There were 
two 50 cm row treatments:  in one the plots were cultivated at seeding halfway between the rows by 
































   































   
 b)   18 October 
     20 lupin plants/m²   
     80 lupin plants/m²  
Figure 1. Effects of row spacing and crop density on wild radish density in lupins at Wongan Hills on 
two different dates in 2006.  Vertical bars indicate lsd at P = 0.05. 
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Average wild radish density across the site in treatments not sprayed with Brodal was 10-11 plants/m², 
and in the Brodal treatments was less than 1 plant/m².  Neither row spacing nor crop density had any 
significant effect on wild radish density, nor on the survival of wild radish plants from mid-August to 
crop maturity (Figure 1).  Wild radish density was quite variable across the site − Figure 1 gives the 
impression that the wide disturbed treatment had a higher radish density than the wide and narrow 
treatments, but this was not statistically significant. 
Row spacing had no effect on wild radish biomass production, but increasing crop density reduced it 
dramatically.  There was only about a third as much wild radish present when the lupin density was 
120 plants/m² as when there were no lupins (Figure 2).  There seemed to be more suppression of wild 
radish growth in narrow compared to wide rows at high crop density than at low density, but it is 
difficult to be sure given the variability of the data.   



















 Lupin density (plants/m²) 
      Narrow rows
      Wide rows
      Wide disturbed rows 
 
Figure 2. Dependence of wild radish biomass on lupin plant density.  Measurements made on 
18 October 2006.  Vertical bar indicates lsd at P = 0.05. 
Competition from wild radish suppressed lupin growth less at high than at low lupin densities 
(Figure 3).  This was also reflected in grain yield which continued to increase with density to higher 
densities in the presence of wild radish than in its absence (Figure 4).  Competition from wild radish 
reduced lupin yield by 54% when crop density was 20 plants/m², but only by 44% when it was 
80 plants/m².  And lupin yield was higher at 80 than at 20 plants/m² in the absence of wild radish as 


































 b) 80 lupin plants/m² 
     Narrow rows               Wide rows                Wide disturbed rows 
 
Figure 3. Effects of row spacing and competition from wild radish on maximum biomass production by 
lupins at two different densities at Wongan Hills in 2006.  Measurements made on 18 October 
2006.  Vertical bars indicate lsd at P = 0.05. 
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 Lupin density (plants/m²) 
 - Radish 
 + Radish 
 
Figure 4. Lupin grain yield response to crop density in the presence and absence of competition from 
wild radish.  Vertical bars indicate lsd at P = 0.05. 
Row spacing might be expected to affect the spatial distribution of weeds.  In particular, the greater 
intensity of interplant competition within wide compared to narrow rows might suppress weeds close to 
the row more than ones further away.  Figure 5 shows that neither row spacing nor proximity to the 
row had any effect on wild radish biomass measured at maximum crop biomass.  There was actually 
more radish growing close to the rows than would be expected if it was evenly distributed.  The 
proportion of total radish biomass growing within 5 cm of the crop rows was 0.59, 0.40 and 0.48 




















       Narrow rows             Wide rows              Wide disturbed rows  
Figure 5. Biomass of wild radish plants within 5 cm of the lupin row (Row) or further away (Interrow) on 
18 October 2006.  Vertical bars indicate lsd at P = 0.05.  Data are presented for 40 plants/m² 
density treatment only. 
CONCLUSION 
An average wild radish population of 10-11 plants/m² caused a large reduction in lupin yield.  The yield 
reduction was smaller at high than at low crop density, but even at more than 100 lupin plants/m² the 
yield reduction was about 40%.  The greater competitiveness of dense treatments also suppressed 
wild radish growth, which would lead to less wild radish seed being carried over into the next rotational 
phase, but substantial amounts of wild radish were present even at very high crop densities.  This 
means that lupin crop competitiveness cannot be increased sufficiently, at least not by manipulating 
crop density or row spacing, to replace chemical means of wild radish control.  But keeping crop 
densities above 40 plants/m² could minimise the severity of wild radish blowouts, and may be helpful 
in conjunction with other components of an integrated weed management strategy. 
Row spacing had no clear effect on the competitiveness of lupins with wild radish, except that at high 
densities crop densities lupins in narrow rows appeared more competitive than lupins in wide rows.  
There was no effect of the position of wild radish plants in relation to crop rows on how much 
competition they experienced from the crop at the plant densities normally recommended for lupin  
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crops, even in wide rows that would have resulted in denser rows.  The fact that a high proportion of 
radish biomass can be very close to the crop row may have implications for systems for controlling 
wild radish by interrow spraying in wide row crops. 
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lupin, crop density, row spacing, radish, competition, weed management 
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The effect of time of sowing and radish weed density 
on lupin yield 
Martin Harries and Jo Walker, Department of Agriculture and Food, Western 
Australia 
BACKGROUND 
The practice of dry sowing was promoted heavily in the 1980s and early 1990s.  Many growers are 
reluctant to delay sowing, particularly in lower rainfall areas, because of the yield losses that are 
incurred.  Consequently there is still a large proportion of the states lupin crop that is dry sown.  Under 
a dry sowing regime selective herbicides are relied on to control almost all the weeds.  Weeds, 
particularly ryegrass and radish, are developing resistances to many selective herbicides and are 
becoming increasingly difficult to control.  Wet sowing or delayed sowing ensures the first germination 
of weeds are effectively controlled by mechanical tillage and non-selective herbicides. 
This trial analysed yield loss resulting from delaying sowing and yield loss resulting from crop 
competition with wild radish.  The aim was to asses the relationships between time of sowing and 
radish density on lupin yield.  By doing this we can better understand how to maximise yield 
considering time of sowing and weed density. 
METHOD 
The trial design included two factors; three times of sowing, 25 May, 2 June and 6 July and five radish 
densities 0, 3, 6, 12 and 24 plants/m2.  
The trial was sown at Mullewa and Wongan Hills Department of Agriculture and Food Research 
Stations.  This was done because it was anticipated that different environments would alter the 
interaction between time of sowing and radish density on lupin yield.  The Mullewa trial was 
abandoned due to drought.  Times of sowing were blocked within each replicate to facilitate 
management.  Plots were 1.75 m wide and 18 m long.  The soil at the Wongan Hills site that is 
reported in this paper was a deep yellow sand. 
Radish was de-hulled and top-dressed as the plots were seeded.  No herbicides were applied to 
control broad leafed weeds.  Broad leafed weeds other than radish were hand weeded and radish was 
hand weeded from the nil radish control plots.  Permanent quadrates were established in the plots so 
that a sub sample of the plot could be monitored accurately and hand harvested. 




Lupins established well at all times of sowing; 50, 43 and 45 plants per square meter for time of 
sowing one, two and three respectively.  Time of sowing one did have higher numbers of plants per 
square metre P < 0.001.  Radish established well and distinct differences in populations were 
achieved (Table 1).  Counts of radish from hand harvested plots were 0, 3.8, 5.3, 9.4, and 14.2 radish 
per square meter for the 0, 3, 6, 12 and 24 plant per square meter treatments respectively.  Hence 
populations followed the intended trend and were reasonably close to what was targeted. 
Biomass production 
Time of sowing had little effect on lupin dry matter production when measured on 27 September and 
at final hand harvest.  Increasing ryegrass density had a negative impact on lupin biomass P < 0.001 
(Table 1).  Radish biomass differed between density treatments P < 0.001 and correlated closely with 
plant density, as expected.  For the 0, 3, 6, 12 and 24 plant per square meter treatments dry matter 
production at the end of the season was 0, 171, 189, 250 and 331 g/m2 respectively. 
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Hand harvested yield 
Lupin yield decreased at time of sowing three compared to times of sowing one and two P < 0.001 
(Table 1).  Yield losses in kg/ha/day were calculated.  For the period between the first and second 
times of sowing (25 May and 2 June) the rate of yield loss was 14 kg/ha/day.  The rate of yield loss for 
the period between the second and third times of sowing (2 June and 6 July) was 9 kg/ha/day.  
Conditions were very dry between these two sowings and yield decline per day was less than might 
typically occur at this time of year. 
Effect of radish density on lupin yield was clear.  As radish plant numbers and radish biomass 
increased lupin yield was reduced.  Linear regressions were calculated to describe the response of 
lupin yield to radish plant density for each time of sowing.  Time of sowing one y = -0.0559x + 1.40 
(R2 0.77), two y = -0.0468x + 1.31 (R2 0.87), three y = -0.0329 + 1.01 R2 (0.80) (Table 2, Figure 1).  
Linear regressions were also calculated to describe the response of lupin yield to radish biomass for 
each time of sowing.  Time of sowing one y = -0.0024x + 1.52 (R2 0.77), two y = -0.0017x + 1.40 
(R2 0.99), three y = -0.0017 + 1.01 (R2 0.67). 
There was no significant interaction between radish density and time of sowing on yield loss (Table 1).  
The percentage yield losses due to increasing radish population from the uninfested control were 
similar at all times of sowing (Table 2).  However, because later times of sowing have lower yield 
potential less actual grain was lost due to radish infestation.  Hence with the later sowing there was 
less financial benefit to be gained from delaying sowing for radish control. 
Yield loss caused by one radish plant per square meter at times of sowing one and two was about 
50 kg/ha (Table 2).  Considering that yield loss per day in this period approximately 15 kg/ha the yield 
loss caused by one radish per square meter was equivalent to the loss from delaying sowing by three 
or four days.  Yield loss caused by one radish plant per square meter at time of sowing three was 
about 30 kg/ha (Table 2).  Considering that yield loss per day in this period was approximately 
10 kg/ha the yield loss caused by one radish per square meter was equivalent to the loss from 
delaying sowing by three days. 
CONCLUSIONS 
This trial effectively measured the yield losses from delayed sowing and yield losses from wild radish.  
A few wild radish caused a large reduction in yield.  There was about 4% yield reduction for each 
radish plant per square meter.  Even with a sparse population of radish, one plant per square meter 
delaying sowing by three to four days was warranted.  These relationships will change depending on 
the location and season.  However, it is clear that as radish plants become more difficult to control with 
selective herbicides reducing radish populations at seeding by a few plants per square meter will 
offset yield losses incurred by delaying sowing.  The results also confirm that any alternative weed 
control measures trialled to control radish need to have a very high level of efficacy if substantial yield 
loss is to be avoided. 
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1 0 51.5 56.3 236.8 53.1 399.0 1.605 0.0 0.0 
1 3 45.8 60.3 193.1 50.5 273.3 1.011 2.8 129.8 
1 6 51.9 52.2 220.0 48.0 302.0 1.146 5.0 225.5 
1 12 47.6 53.6 215.0 47.9 258.5 0.918 7.8 227.8 
1 24 51.9 52.2 212.6 46.3 202.5 0.705 13.8 342.0 
2 0 43.0 54.9 238.5 48.5 346.5 1.388 0.0 0.0 
2 3 42.5 50.4 225.5 48.6 298.5 1.104 3.5 164.0 
2 6 43.1 54.0 221.9 48.4 282.0 1.024 6.0 247.8 
2 12 45.6 54.0 182.8 46.5 233.3 0.762 8.8 358.3 
2 24 40.5 51.8 167.9 47.9 220.5 0.762 13.8 377.0 
3 0 44.1 56.3 203.9 51.5 307.5 1.023 0.0 0.0 
3 3 44.8 54.9 220.5 49.4 238.5 0.729 5.3 219.8 
3 6 44.5 45.9 175.1 46.9 291.8 0.949 5.0 93.5 
3 12 46.2 47.7 201.2 46.3 178.0 0.521 11.8 164.8 
3 24 43.4 54.0 201.6 44.1 200.3 0.590 15.0 275.0 




lsd 5% Radish 
density 









lsd 5% interaction      ns   
hs - p < 0.001;  s - p < 0.05;  ns - not significant. 
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Table 2. The estimated effect of radish plant density on lupin yield (Hand harvested) 
Yield loss kg/ha Radish density 
p/m2 TOS 1 TOS 2 TOS 3 
0 0 0 0 
1 56 (4)* 46 (4) 32 (3) 
2 111 (8) 93 (7) 65 (7) 
3 167 (12) 140 (11) 98 (10) 
4 223 (16) 187 (14) 131 (13) 
5 279 (20) 234 (18) 164 (16) 
6 335 (24) 280 (21) 197 (20) 
8 447 (32) 374 (29) 263 (26) 
10 559 (40) 468 (36) 329 (33) 
12 670 (48) 561 (43) 394 (39) 
14 782 (56) 655 (50) 460 (46) 
* Figures in brackets are % yield reduction from control. 
 
Agribusiness Crop Updates 2007 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
37 
Interaction of time of sowing and weed management 
in lupins 
Martin Harries and Jo Walker, Department of Agriculture and Food, Western 
Australia 
BACKGROUND 
Growers need to know the effect of altering time of sowing and sowing tactic (dry vs wet sown) on 
costs in terms of lupin yield and the benefits in terms of weed control.  Sowing time and weed burden 
interact to affect final yield.  This interaction of weed burden and sowing time on yield is dynamic and 
dependant on environment.  Trials were sown with the Mingenew Irwin and Liebe groups in an attempt 
to better understand effect of dry and wet sowing on weed burden and yield over two differing rainfall 
zones. 
It was intended to use a shielded sprayer to control weeds in some plots, however due to the season 
this treatment was not undertaken.  The aim was to see if weeds could be effectively controlled in dry 
sown crops using a shielded sprayer.  If this can be achieved it gives the option to dry sow without 
sacrificing weed control. 
METHODS 
Treatments included three sowing tactics/times and two row spacings.  The three seeding tactics were 
dry sown, sown immediately after the break of the season and delay sown after the break.  The two 
row spacings were 25 cm and 50 cm.  At each time of sowing two 50 cm rows and one 25 cm row was 
seeded per replicate.  A 50 cm and a 25 cm plot were to be managed using conventional, using 
traditional broadcast herbicides, and the second 50 cm plot was to be managed using a shielded 
sprayer.  Due to the dry season (124 mm growing season rain) crop growth was poor and no post 
emergent herbicides were applied.  Consequently the analysed results are a factorial of the three 
times of sowing and the two row spacings. 
The trial was seeded into a sandy grading to a loam at a depth of 30-40 cm, pH 5.0 (CaCl2) at the 
surface increasing to 5.8 (CaCl2) at 30 cm.  Seeding dates were 28 April (dry), 17 May (the day after 
14.5 mm of rain) and 30 May (Delayed after the break).  Four replicates were sown.  Fifty centimetre 
plots were 2.0 metres wide and 18 meters long (36 m2) and 25 cm plots were 1.75 m wide by 18 m 
long (31.5 m2).  Measurements taken included; weed germination prior to seeding, establishment, post 
emergent weed density, ryegrass density and biomass and lupin biomass.  These are discussed 
below. 
RESULTS 
Results presented are from Buntine, the trial seeded at Mingenew was abandoned.  
There were significant differences in the numbers of lupins established at each time of sowing, 
(P < 0.001) (Table 1).  The second time of sowing, sowing soon after the break, gave the poorest 
establishment.  This most probably occurred because the seeding operation dried the soil in a 
marginal moisture situation.  The third time of sowing had the best establishment because it was sown 
into the best, wettest, seeding conditions. 
The trial was designed to achieve a range of weed populations.  This was achieved using the different 
seeding strategies (Table 1, Figure 1).  Weed populations prior to seeding were lowest when dry sown 
and highest when sowing was delayed (P < 0.001).  Hence by delaying sowing a higher proportion of 
the weed seed bank was controlled by knockdown herbicides and tillage at seeding.  Conversely when 
weed populations were measured in August dry sown plots had the highest weed populations and the 
late sown plots the lowest (P < 0.001).  The dry sown plots had almost five times the weed population 
of the delayed sown plots (Figure 1).  At the end of the season all the ryegrass from the plots was 
harvested and weighed.  Again the dry sown plots contained more ryegrass plants (Table 1).  There 
was a clear trend that the earlier the plots were sown the more ryegrass biomass they contained 
(Table 1). 
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Lupins were hand harvested.  The final lupin dry matter (Table 1) includes the weight of whole plants 
with seed.  Seed yield was too low to be worth threshing the plants.  Biomass of the last time of 
sowing tended lower than the preceding two times of sowing.  This was obvious throughout the trial, 
the third time of sowing plants were visually much smaller than the earlier sown treatments.  While 
individual plants were smaller in the third time of sowing the better establishment compared to other 
treatments compensated for this.  There were no significant differences in final lupin dry matter. 
Row spacing did not significantly influence any of the variables measured.  
CONCLUSION 
Delaying sowing allowed better weed control prior to seeding which resulted in lower weed 
populations throughout the year.  The yield penalty resulting from delayed sowing was not significant 
this year, however yields were very low.  This trial will be repeated in 2007 with the aim of including 
shielded spraying treatments. 
Peer Reviewed: Renaye Stokes 
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Table 1. Weeds density (plants/m2), Establishment (plants/m2), Ryegrass density (plants/plot), Plant weight (g), Dry matter production (g/m2) 
Ryegrass 26/9 Lupin 
Sowing time Row spacing (cm) 
Weeds density 












dry wt (g) 
Final DM 
(g/m2) 
Dry 25 1.3 43.2 22.0 319.0 1.8 16.1 2.5 205.0 
Dry 50 1.3 39.9 23.8 356.0 1.4 15.8 2.1 138.5 
On the break 25 9.5 34.5 10.3 147.0 2.3 11.6 2.1 107.5 
On the break 50 10.0 28.8 16.3 176.0 2.7 14.0 2.6 125.0 
Delayed after the break 25 12.8 58.9 1.5 152.0 1.4 5.8 1.4 151.5 
Delayed after the break 50 12.0 52.8 7.0 157.0 1.6 6.0 1.5 132.5 
lsd 5% Sowing time  hs (3.175) hs (8.31) hs (8.42) hs (89.6) s (0.875) ns ns ns 
lsd 5% Row spacing  ns ns ns ns ns ns ns ns 















weeds prior to seeding
weeds in August
 
Figure 1. Weed populations prior to each time of sowing and in August. 
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Delayed sowing as a strategy to manage annual 
ryegrass 
Bob French and Laurie Maiolo, Department of Agriculture and Food, Western 
Australia 
KEY MESSAGES 
• Delaying lupin sowing for nine days after the break of the season at Merredin in 2006 did not 
reduce annual ryegrass density, presumably due to the soil surface drying out rapidly after the 
break so that few weeds germinated before the second sowing. 
• The yield penalty for delayed sowing was greater when the weed burden was high than when it 
was low. 
• Mandelup and Belara lupins were more competitive against annual ryegrass than Tanjil lupins, 
and they suffered a smaller yield penalty for delayed sowing. 
• Relying on delayed sowing to improve weed control is a risky strategy at Merredin because of 
the likelihood of little weed germination in an acceptable time period following the break. 
BACKGROUND 
The development of widespread resistance to selective herbicides in weeds such as annual ryegrass 
has meant that lupins have changed from being a phase in the rotation where growers can 
dramatically reduce grass numbers to one where grass numbers can increase catastrophically.  This is 
because lupins are not very competitive against weeds, and because the strong emphasis on sowing 
them early places heavy reliance for weed control on selective herbicides, which may fail.  One means 
that has been suggested for reducing the reliance on selective herbicides at the same time as 
minimising weed build-up in lupin phases of rotations is to delay sowing for up to a week after the 
season breaks.  This is supposed to allow a first flush of weeds to germinate which can then be 
controlled with non-selective herbicides prior to sowing.  Such a strategy involves a trade-off between 
the reduced yield potential delaying sowing entails and the higher yield due to reduced weed 
competition.  Reduced weed seed set is another benefit.  This trade-off implies that it would be a more 
valuable strategy in high weed than low weed backgrounds. 
The trial described in this paper was designed to test whether delaying sowing would reduce ryegrass 
numbers sufficiently to compensate for the loss in yield potential due to delayed sowing, and to 
compare the response in low and high weed backgrounds. 
METHOD 
In October 2005 sections of a weedy wheat crop were sprayed out with 2 L/ha Roundup to prevent 
weed seed set.  These areas became the low weed burden treatments in 2006 while unsprayed areas 
became the high weed burden treatments.  In 2006 Mandelup, Belara, and Tanjil lupins were sown on 
17 May, the day after 17 mm rain fell.  The second sowing date was on 26 May, 2 days after 30 mm 
rain fell.  2.0 L/ha Spray.Seed® and 2.0 L/ha Simazine were applied prior to each sowing and the site 
had previously been sprayed with Roundup® Power Max, Garlon DS® and Hammer® to control wild 
radish that had germinated in the wet summer.  The only post-emergent herbicide applied was 
Brodal®, until half of each plot was crop-topped with 800 mL/ha Gramoxone® on 16 October.   
RESULTS 
Seed set control in 2005 had a large effect on ryegrass density.  On 21 July the average density in low 
weed burden treatments was 14 plants/m², compared to 43 plants/m2 in high weed burden treatments.  
Cultivar and sowing time had no effect on weed density at this stage.  
By 7 October, the delayed sowing treatment actually contained a greater density of ryegrass plants 
than lupins sown on the break (Figure 1a).  However, ryegrass plants in the delayed sowing treatment 
were smaller than in lupins sown on the break and there was no effect of sowing time on the density of 
ryegrass heads at this stage.  There were significantly more ryegrass heads in Tanjil than in Belara or 
Mandelup though (Figure 1b). 
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     Low weeds (a) or Belara (b)         High weeds (a) or Mandelup (b)            Tanjil  
Figure 1. Effects of seed set manipulation in 2005 and delayed sowing on ryegrass density in lupins (a) 
and effects of cultivar and delayed sowing on ryegrass head number (b).  Vertical bars 
indicate lsd at P = 0.05.  Measurements made on 7 October 2006. 
Competition from ryegrass significantly reduced lupin biomass production (Figure 2a) but there was no 
interaction with cultivar or sowing time.  Mandelup and Belara produced more biomass than Tanjil 
though, especially in the delayed sowing treatment.  Delaying sowing did not have a significant effect 
on ryegrass biomass at crop maturity, but there was less ryegrass biomass in Mandelup and Belara 
than in Tanjil (Figure 2b). 
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      Belara               Mandelup               Tanjil  
Figure 2. Effects of cultivar and weed burden on lupin biomass (a) and of cultivar and delayed sowing 
on ryegrass biomass (b).  Vertical bars indicate lsd at P = 0.05.  Measurements made at crop 
maturity. 


































     Low weeds (a) or Belara  (b)           High weeds (a) or Mandelup (b)            Tanjil 
 
Figure 3. Effects of delayed sowing and weed burden (a) and delayed sowing and cultivar (b) on lupin 
grain yield.  Vertical bars indicate lsd at P = 0.05. 
In this trial delaying sowing for a week after the break had no effect on grain yield under a low weed 
burden, but resulted in a 138 kg/ha yield penalty under a high weed burden (Figure 3a).  Grain yield in 
the early maturing cultivars Belara and Mandelup was insensitive to delayed sowing, but the later 
maturing Tanjil suffered a significant yield penalty (Figure 3b).  Crop topping had no effect on grain 
yield in this trial.  Only incomplete data on ryegrass seed production were available when this paper  
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was prepared.  They show, as expected, large effects of weed burden and crop-topping, but any 
effects of delaying sowing or cultivar are not clear.  We hope they will become clearer when sample 
processing is complete. 
DISCUSSION 
The strategy of delaying sowing lupins to improve weed control did not work in this trial, emphasising 
the risky nature of the strategy.  Delaying sowing for nine days led to no reduction in weed density 
and, in fact, by the end of the season there may have been more ryegrass in the delayed sowing 
treatments, suggesting that delaying sowing reduces the competitiveness of lupins against ryegrass.  
The lack of any improvement in weed control is probably due to there being no follow-up rain after the 
first sowing until two days before the second sowing, leaving the soil surface dry most of this time so 
that there was little opportunity for weeds close to the soil surface to germinate.  Alternatively, the 
summer rain experienced in 2006 followed by dry weather in April and early May may have induced 
abnormal dormancy in the ryegrass that prevented it from germinating in the week following the break 
(S. Pathan, pers. comm.). 
Because weed control did not change, there was a yield penalty for delayed sowing in the high weed 
burden treatment, but not in the low weed burden treatment.  This is the opposite of what we expected 
to find, and would mean that a grower following our strategy would have lost money.  These results do 
not mean that delaying sowing for a week after the break during May carries no yield penalty in a 
weed-free situation.  The crop modelling described in French (2007) shows that yield penalties for 
lupins can be close to, or sometimes even less than, zero.  This does not happen often, but it is likely 
that seed bed conditions similar to those experienced at Merredin in 2006 will occur frequently, and 
that relying on a short sowing delay to improve weed control is a risky business.  How often favourable 
seedbed conditions for weed germination occur after the break, and for how long, and whether this 
varies appreciably between wheatbelt locations, are questions that could best be answered using crop 
modelling, as long as those favourable conditions are clearly specified.  Another risk of the strategy of 
delaying sowing to improve weed control is that seed bed conditions might not be suitable for sowing a 
week after the break, and that the grower might be forced into a much longer sowing delay than a 
week, which will entail a much larger yield penalty (French 2007). 
There were some interesting differences between cultivars.  The data on ryegrass biomass showed 
that Tanjil was less competitive against annual ryegrass than Belara or Mandelup.  Data on lupin 
biomass and grain yield also pointed in this direction, but the effects on these variables failed to reach 
statistical significance.  Tanjil is also less competitive against wild radish than Mandelup (Pathan et al. 
2006).  Tanjil was also more sensitive than Belara or Mandelup to delayed sowing.  These are other 
reasons to avoid Tanjil in areas without a high anthracnose risk.  
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Is delayed sowing a good strategy for weed 
management in lupins? 
Bob French, Department of Agriculture and Food, Western Australia 
KEY MESSAGES 
• The simulated median yield penalty for delaying lupin sowing for one week after the break of the 
season is equivalent to the yield loss caused by competition from 20 to 68 ryegrass plants/m² or 
one to three radish plants/m². 
• Expected weed densities need to be at least this high to make delaying sowing for weed control 
a worthwhile strategy if grain yield maximisation is an important criterion.   
• The expected yield penalty for delayed sowing was smaller at Mingenew than at Buntine or 
Merredin, so the improvement in weed control necessary to compensate for the yield penalty is 
not as great at Mingenew. 
• There may be other benefits from improved weed control that make delaying sowing worthwhile. 
• There is a significant risk of not getting a second sowing opportunity one week after the break of 
the season. 
BACKGROUND 
Dry sowing lupins has been a widespread practice in Western Australia.  Its strengths include ensuring 
the crop germinates when the season breaks and that sowing lupins does not interfere with sowing 
other crops.  However, it is a strategy that heavily depends on in-crop herbicides for weed control.  It 
served the industry well when cheap effective selective herbicides were available for the major weeds 
of lupins, although it did encourage herbicide resistance to develop in these weeds.  Now cheap 
effective herbicides are no longer available and we wish to delay resistance to our remaining 
herbicides developing for as long as possible.  Is dry sowing still appropriate? 
Department of Agriculture and Food officers have recently been encouraging growers to plant lupins 
into moist soil, which improves the activity of pre-emergent simazine, and even to delay sowing for up 
to a week following the break, which allows weeds germinating during this time to be controlled by 
non-selective methods (Harries and Walker 2007a).  But any improvement in weed control must be 
traded off against reduced yield potential, the fact that you may want to sow other crops at the same 
time, and the risk that the soil may be too dry to sow into after the delay. 
In this paper I model the yield penalty for delaying sowing after the break at Merredin, Buntine and 
Mingenew, and compare this to yield reductions expected from competition with wild radish and 
annual ryegrass.  I also model the likelihood of missing a second sowing opportunity at these 
locations. 
METHOD 
Lupin yields were simulated using APSIM 4.2, with some parameter modifications based on my 
unpublished data, for each year from 1901 to 2004 at Merredin and Mingenew, and from 1930 to 2004 
at Buntine.  I used weather data from the patched-point dataset maintained by the Queensland 
Department of Natural Resources and Mines.  Soil properties at Merredin and Mingenew were based 
on my unpublished data, and at Buntine on those supplied with APSIM.  Three types of simulation 
were run.  For the first two Mandelup lupins were sown on the break or 7 days later.  The break in this 
context is the first day between 15 April and 15 June when there was at least 5 mm extractable soil 
water in the top 5 cm of soil, and at least 10 mm in the top 20 cm.  The third simulation identified as 
the next sowing opportunity by waiting 7 days after the break and then choosing the first day when the 
same soil moisture criteria were satisfied. 
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where Y is crop yield, Y0 is yield in the absence of weeds, x is weed density, and β is a competition 
coefficient.  The value of β for wild radish was derived from data of Harries and Walker (2007b) and 
Pathan et al. (2006), and for annual ryegrass from my own unpublished data and other data from 
C. Zaicou.  
RESULTS AND DISCUSSION 
Simulating sowing time response 
Yield potential was much higher at Mingenew than at Buntine or Merredin (Table 1) and the yield 
penalty for delayed sowing was also smaller, both in absolute and relative terms.  The figures in 
Table 1 are summarised as medians, but they come from rather skewed distributions:  Figure 1 shows 
the distributions of yield for Merredin.  
Table 1. Median values for lupin yield when sown on the break and one week after the break, yield 
penalty for delaying sowing a week, and days until the next sowing opportunity after the 
break, ignoring opportunities within one week.  Note that the median yield penalty is not the 
same as the difference between the median yields on the break and one week after.  This 
arises because of the very skewed distribution of yield penalties 
 Yield on break 
(kg/ha) 




Days to next 
sowing opportunity 
Mingenew 3.08 2.78 0.12 14 
Buntine 1.50 1.39 0.20 18 
Merredin 1.50 1.34 0.18 10 
Yield reduction from weed competition 
Figure 2 shows how yield responded to wild radish density in two experiments (Pathan et al. 2006, 
Harries and Walker 2007) with curves described by equation (0.1) fitted.  The values of β for wild 
radish derived from these data ranged from 0.015 to 0.096, with a mean of 0.056.  The mean value for 
annual ryegrass from one of my unpublished trials and a trial of C. Zaicou was 0.0022  Subtracting 
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Table 2. Wild radish and annual ryegrass densities that would cause the same yield loss as delaying 
sowing by one week at three locations in the wheatbelt.  These were calculated using the 
median yield penalties given in Table 1 and equation (0.2) 
 Wild radish (plants/m²) Annual ryegrass (plants/m²) 
Mingenew 0.7 19 
Buntine 2.7 68 
Merredin 2.4 62 
Using the mean values of β we can calculate the weed density that would cause the same yield loss 
as delaying sowing by one week.  Table 2 shows that the yield penalty for a one week sowing delay is 
about the same as the yield loss (0.2) predicts would be caused by competition from 19 to 68 ryegrass 
plants/m², or 1 to 3 radish plants/m².  The equivalent weed densities are higher at Merredin and 
Buntine than at Mingenew. 
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Figure 1. Distribution of simulated lupin yields from 1901 to 2004 at Merredin when sown on the break 
of the season or a week after the break.  Dotted lines show the median value. 

















 Radish density (plants/m²)  
Figure 2. Fitted response curves (equation (0.1)) of yield loss in Mandelup lupins as a function of wild 
radish density.  Square symbols show data from Pathan et al. (2006) and other symbols from 
Harries and Walker (2007b). 
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DISCUSSION 
To compensate for the reduced yield potential due to delaying sowing for a week would require 
ryegrass densities to be reduced by at least 60 plants/m², or radish densities by at least 2 plants/m², in 
low rainfall areas, so if background weed burdens are not at least this high reduced competition will 
not compensate for the loss of yield potential from delayed sowing.  When selective herbicides are still 
effective it is difficult to imagine ryegrass control improvements of this magnitude from delayed sowing, 
but it is realistic to expect radish control improvements of this magnitude.  The necessary improvement 
in weed control at Mingenew is much smaller:  less than 20 ryegrass plants/m² and less than 1 radish 
plants/m² and should often be achievable.   
There may be other benefits of improved weed control apart from removing competitive effects on 
grain yield.  There may be savings in costs of selective herbicides and, perhaps more importantly, 
reduced weed seed production leading to lower weed burdens in following crops.  These would need 
to be considered in a completely rigorous analysis of the value of delayed sowing as a weed 
management tool. 
There are also other risks associated with delaying sowing apart from reduced yield potential.  A major 
one is the risk that seedbed conditions will not be suitable a week after the break.  Even at Mingenew 
there was a 50% chance that a second sowing opportunity would not occur until more than two weeks 
after the break, and at Buntine until nearly 3 weeks after the break.  Surprisingly, the likelihood of a 
long delay until the second sowing opportunity was no greater at Merredin than at Mingenew.  You 
might therefore be more wary about delaying sowing to manage weeds at Buntine than at Merredin or 
Mingenew.   
How dependant these results are on the particular definition of the break and the next sowing 
opportunity is not clear.  It may be rash to only require 10 mm soil moisture for a break in mid-April, 
and it may be over-restrictive to require 5 mm in the top 5 cm of the profile for a second sowing 
opportunity.  However, alternative scenarios could easily be analysed using the framework outlined 
here. 
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Lupins aren’t lupins when it comes to simazine 
Peter White and Leigh Smith, Department of Agriculture and Food, Western 
Australia 
KEY MESSAGES 
• Mandelup and Andromeda showed similar tolerance to simazine at high rates of application. 
• Pootalong and Gungurru show similar tolerance to simazine as Mandelup at moderate rates of 
application but less tolerance at higher rates of application. 
• Danja and P26961 (pearl lupin) show the least tolerance to simazine. 
INTRODUCTION 
Comparisons of herbicide tolerance between species can sometimes be complicated by rainfall and 
soil type.  For example, narrow-leafed lupin is adapted to more acid and sandier soils than albus lupin.  
Conducting a herbicide tolerance trial on an acid sand may, therefore, favour the growth of 
narrow-leafed lupin over albus lupin, which may in turn, confound the results of tolerance to 
herbicides.  Similarly, if separate trials are conducted on soil types or in rainfall zones that are ideal for 
the individual species, then, the interaction of the herbicide with different clay contents or moisture 
availabilities at the separate sites again confounds comparisons between species.  These effects are 
mitigated if plants are grown under controlled conditions in the glasshouse. 
We have developed a simple protocol using plants grown in pots in the glasshouse to give an 
indication of the tolerance of lupin to simazine.  This protocol can be used to provide a simple 
assessment of the tolerance of potential new varieties early in their development. 
AIMS 
Determine the tolerance of new lupin varieties and species to simazine relative to standard varieties. 
METHOD 
Treatments consisted of 5 simazine rates (0.0, 0.1, 0.2, 0.3, 0.4 µg simazine/g soil), eight genotypes 
(Lupinus albus (cultivar:  Andromeda), L. angustifolius (cultivar:  Belara, Danja, Gungurru, Mandelup, 
Tanjil), L. mutabilis (line:  P26961 (pearl lupin)) and L. luteus (cultivar:  Pootalong) and three 
replications.  Pots contained 2,750 g of sand and were sealed at the bottom to prevent drainage.  Full 
basal nutrients (except N) were applied in solution to the soil surface of each pot.  Simazine was 
applied as a suspension of Simagranz® (89.7% simazine) also to the soil surface.  After the nutrients 
and simazine had dried they were mixed throughout the soil by shaking.  Ten seeds per pot were 
sown and each seed was inoculated with a pinch of Group G, peat-based inoculum.  The water 
content of pots was maintained at field capacity by regularly watering to weight. 
At four weeks after sowing the plants were scored for the severity of scorching on leaves then, the 
total number of plants emerging were counted and harvested. 
RESULTS 
Simazine had no effect on the emergence of plants except for Pootalong (P < 0.05).  On average 
about eight Pootalong plants emerged per pot at the low rates of simazine application whereas about 
5.5 plants per pot emerged at the high rates. 
The severity of leaf scorching increased (P < 0.01) as the rate of simazine increased (Table 1).  The 
most severe scorching occurred at the highest rate of simazine application where Danja, Gungurru, 
Tanjil and P26961 had the highest score.  The score of symptoms in Mandelup and Pootalong at the 
highest rate of simazine application was nearly half that for Danja, Gungurru, Tanjil and P26961.  For 
the first three rates of simazine application however, the score for symptoms in Gungurru was the 
same as Mandelup. 
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Table 1. Score of leaf scorching four weeks after sowing in response to simazine application.  Plants 
scored on a 1 to 5 scale.  1 = no symptoms; 5 = dead plants 
Rate of simazine application (µg simazine/g soil) 
Genotype 
0 0.1 0.2 0.3 0.4 
Andromeda 1.0 1.3 2.0 3.0 3.3 
Belara 1.0 1.3 1.3 3.0 3.3 
Danja 1.3 1.0 2.3 4.3 5.0 
Gungurru 1.0 1.0 1.3 3.3 4.7 
Mandelup 1.0 1.0 1.3 2.0 2.7 
P26961 1.0 1.0 2.3 3.3 4.7 
Pootalong 1.0 1.3 2.0 1.7 2.7 
Tanjil 1.3 1.0 1.7 2.7 5.0 
lsd 5% 0.95 
cv% 27.0 
At the highest rate of simazine, the dry weight of shoot of plants was 30% to 70% of the weight when 
no simazine was applied (Figure 1).  The weight of Mandelup and Andromeda decreased the least, 
whereas Pootalong and P26961 decreased the most (P = 0.07).  Tanjil, Danja and P26961 produced 
lower dry weights of shoots than Mandelup at most rates of simazine application.  Pootalong and 
Gungurru produced the same dry weight of shoots as Mandelup for the first three rates of simazine 
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Figure 1. Dry weight of shoots of plants as a proportion of the maximum dry weight in response to 
simazine application. 
CONCLUSION 
Mandelup and Andromeda showed the highest levels of tolerance to simazine, which in these trials 
was higher than that for Gungurru and Belara.  Anecdotal reports have previously suggested that 
Gungurru was reasonably tolerant of simazine and more tolerant than Belara.  This was not evident in 
this trail with the tolerance of both Gungurru and Belara being about the same. 
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The large decline in the dry weight of shoots of Gungurru and Pootalong when rates of simazine 
higher than 0.2 µg/g were applied may indicate that the margin of tolerance to simazine for these two 
genotypes is narrower than for Mandelup.  Pootalong showed a similar response in herbicide 
screening trials at Eradu in 2005 (Dhammu, 2006).  Pootalong also did not show strong symptoms of 
simazine damage (scorching) despite a large reduction in growth.  Crops of Pootalong therefore may 
be more at risk from over application of simazine given its lower margin of tolerance to the herbicide 
but a lack of obvious indications of damage. 
Weed control through the application of simazine will be difficult with the pearl lupin line P26961 if it is 
released as a variety.  This line showed similar levels of tolerance to simazine as Danja, a variety on 
which simazine application has been problematic.  Only one genotype of pearl lupin was tested and 
we do not know if this genotype is indicative of the other genotypes of this species that are being 
developed for release as new varieties for WA.  Pearl lupin, however, was more sensitivity than other 
lupin species to most herbicides tested on lupins in Wongan Hills during 2005 (GRDC project 
DAW0134, Harmohinder Dhammu personal communication; seed was a mixture of advanced lines of 
pearl lupin). 
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Seed yield and anthracnose resistance of Tanjil 
mutants tolerant to metribuzin 
Ping Si1, Bevan Buirchell1,2 and Mark Sweetingham1,2,  1Centre for Legumes in 
Mediterranean Agriculture, Australia;  2Department of Agriculture and Food, Western 
Australia 
KEY MESSAGES 
• Mutation breeding is an effective way to improve lupin tolerance to herbicide.  Two metribuzin 
tolerant mutants of Tanjil origin (Tanjil-AZ-33 and Tanjil-AZ-55) showed consistent tolerance to 
metribuzin in the field.  Tanjil-AZ-33 produced seed yield close to Mandelup, but significantly 
higher than Tanjil when metribuzin was applied.  Seed yield of two mutants was comparable to 
Tanjil at regional sites in the absence of metribuzin.  Both Tanjil-AZ-33 and Tanjil-AZ-55 showed 
high level of resistance to anthracnose in the disease nursery.   
AIMS 
• To evaluate seed yield of metribuzin-tolerant mutants against leading cultivars in the presence 
or absence of metribuzin.   
• To assess anthracnose resistance of the mutants.  
METHOD 
Two mutant lines (Tanjil-AZ-33 and Tanjil-AZ-55) were compared with cultivars of Tanjil and Mandelup 
for seed yield in the presence or absence of metribuzin and anthracnose resistance.  For 
measurement of seed yield in the presence of metribuzin, the four varieties were sown on 26 May 
2006 in Shenton Park Field Station of UWA in a randomised block design with 4 replicates.  The plot 
size was 3.6 m2 (1.5 x 2.4) with a seeding rate at 50 seeds/m2.  Metribuzin at 300 g/ha was applied on 
7 July 2006 to 6-8 leaf stage lupin plants with boom spray fitted on a motorbike with output of 72 L/ha.   
Scores of herbicide damage were recorded at 3 weeks after spray.  Plants were grown with irrigation 
to supplement low season rainfall.  Plants of each plot were harvested by hand on 4 December 2006, 
threshed by machine and seed yield obtained. 
For seed yield measured in the absence of metribuzin at regional sites, trial preparation and 
management was the standard of field evaluation of breeding materials by the lupin breeding program.   
Anthracnose resistance screening was conducted in the disease nursery at the Medina Research 
Station and followed the same protocols as used to screen all the breeding material from the Lupin 
breeding program.   
RESULTS 
Seed yield 
Seed yield of mutant line Tanjil-AZ-33 was 4.23 t/ha under irrigation, very close to that of Mandelup, 
but more than twice that of Tanjil when they were subject to metribuzin at 300 g/ha during 6-8 leaf 
stage (Table 1).  Both mutant lines showed no leaf damage from metribuzin at 3 weeks after 
application whilst Tanjil was severely damaged.   
Seed yield of these two mutants lines were comparable to Tanjil at Merredin, Wongan Hills and 
Badgingarra in the absence of metribuzin (Table 2). 
Anthracnose resistance 
The mutation process did not alter the anthracnose resistance as the mutant lines had the same level 
of resistance as Tanjil.  The mutants were highly resistant to anthracnose in disease nursery at 
Medina with scores of 6.5 and 7, similar to Tanjil (Table 2). 
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Table 1. Seed yield of metribuzin tolerant mutants subject to 300 g/ha metribuzin in the field at 
Shenton Park in 2006 
Genotype Seed yield (t/ha) Visual damage score against metribuzinA 
Tanjil-AZ33 4.23 0 
Tanjil-AZ55 2.62 0 
Tanjil 1.86 3 
Mandelup 4.63 0 
lsd (P < 0.05) 1.19  
A Damage score against metribuzin with 0 = no symptom, 3 = most plants had scorch on first 6 leaves and 
5 = plant dead. 
Table 2. Anthracnose resistance and seed yield (t/ha) of mutant lines in the absence of metribuzin at 
regional sites in 2006 
Variety Anthracnose resistance scoreA Badgingarra Merredin Wongan Hills 
Mandelup 6 1.14 1.38 1.52 
Tanjil 7 1.08 1.12 1.29 
Tanjil-AZ-33 6.5 1.05 1.01 1.26 
Tanjil-AZ-55 7 0.99 0.99 1.27 
A Disease resistance was evaluated in disease nursery at Medina Research Station in 2006.  1 = plants 
severely damaged, 9 = plants immune. 
DISCUSSION 
The field trial at Shenton Park demonstrated that in the presence of metribuzin the yield of the mutant 
line Tanjil-AZ-33 was comparable to Mandelup, whereas the yield of Tanjil was reduced to half that of 
the mutant line.  This line has similar seed yield to Tanjil in the absence of metribuzin and also the 
high level of anthracnose resistance as Tanjil.  These facts indicate that the mutation process has not 
altered Tanjil’s yield capacity and anthracnose resistance, but has substantially improved its 
metribuzin tolerance.  Tanjil-AZ-33 proves to be a valuable addition to the breeding program.  It holds 
the promise to be released directly as a cultivar, but that requires further evaluation of seed yield and 
quality traits.   
The two mutants (Tanjil-AZ-33 and Tanjil-AZ-55) of Tanjil origin showed consistent tolerance to 
metribuzin in the field as well in the glasshouse (Si et al. 2006).  It is expected that they would yield 
higher than Tanjil at high rate of metribuzin.  As they both have similar yield as Tanjil in the regional 
trials, the low yield of Tanjil –AZ-55 at Shenton Park could be site-specific with irrigation.  Therefore, 
this mutant still holds the potential to be further evaluated at different regions.   
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The effect of herbicides on nodulation in lupins 
Lorne Mills1, Harmohinder Dhammu2 and Beng Tan1,  1Curtin University of 
Technology and 2Department of Agriculture and Food, Western Australia 
KEY MESSAGES 
• Propyzamide and DOW-1 significantly reduced the dry weight of nodules in Tanjil.  
• Nodule mass was correlated to foliage and root mass in most of the comparisons, but not with 
total nitrogen content of the foliage. 
• Yield was significantly correlated to nodule dry weight in Tanjil only. 
AIM 
To evaluate whether herbicides reduce nodulation in lupins, as lupins being a leguminous crop 
contribute some biologically fixed nitrogen to the succeeding cereal crop in rotation. 
METHOD 
Two narrow leafed lupin varieties (Tanjil and Mandelup) were sown on 3 July 2006 at the Wongan Hills 
Research Station on a shallow sandy duplex soil in 3 m x 10 m plots replicated three times.  The 
herbicide treatments (Fig 1) were applied randomly before crop seeding (BS), immediately post 
planting (IPP), 2, 4, 6 and 8 leaf stage on 2 July, 3 July, 1 August, 8 August, 18 August, and 25 August 
2006, respectively.  Basal Simazine at 2 L/ha was applied to all treated plots except for the diuron and 
DOW-1 treatments. 
The key months for rainfall were markedly lower in May, June and July, and it did not rain significantly 
enough to begin seeding until the 28 June.  After the trial was seeded (3 July), there was no significant 
rainfall until 25 July when 9.6 mm precipitation was recorded.  (Note:  Only 5.4 mm rainfall was 
recorded between the two July dates.) 
The trials were sampled at the budding stage on 6 of September, 65 days after seeding (DAS), and 
then at the beginning of pod formation stage on 5 October, 94 DAS.  Five representative plants were 
visually selected and dug from each plot.  The nodules were then cut from the roots, and the foliage 
was separated from the root portion of each plant.  A sub sample of 5 nodules were selected from 
each plot sample for dissected to determine if the nodules were biologically effective (pink = effective, 
green = ineffective).  All portions were placed in the oven at 60°C for at least 48 hours, and then 
weighed afterwards.  Foliage samples taken at 94 DAS were tested for total nitrogen content using a 
Near Infra-Red machine, and the Kjeldahl Method.  
RESULTS 
Samples taken 65 DAS showed no significant differences between the dry weights of nodules of two 
lupin varieties (α = 0.05, p = 0.433) in the untreated control plots.  Propyzamide significantly reduced 
the dry weight of nodules in Tanjil (58.2%).  Simazine 4 L/ha and Brodal® + Lexone® + simazine also 
caused more than 40% reduction in Tanjil nodule weight, but marginally missed the level of 
significance (α = 0.05, lsd = 44.0%).  Sub-sampled nodules were found to be effective in all plots.  
Samples taken 94 DAS also showed no significant difference in nodule dry weight between Tanjil and 
Mandelup (α = 0.05, p = 0.511).  Only DOW-1 reduced Tanjil nodule weight significantly (60.7%) as 
compared to its control.  Nodules were found to be effective in all plots. 
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Figure 1.  Comparison of nodule weights 65 DAS and 94 DAS.  (Note:  Data has been scaled so that both 
control groups equal 100%.)  Treatments:  1 - Control, 2 - Simazine 2 L, 3 - Simazine 4 L, 
4 - Diuron 3 L, 5 - Simazine 2 L + Atrazine 1 L, 6 - Diuron 1 L + Lexone® 133 g, 7 - Propyzamide 
as Edge® 2 kg, 8 - DOW-1 150 g, 9 - Brodal® 200 mL, 10 - Sniper® 50 g, 11 - Lexone® 150 g, 
12 - Lexone® 250 g, 13 - Brodal® 100 mL + Lexone® 100 g, 14 - Brodal® 100 mL + Eclipse® 
6 g, 15 - Brodal® 100 mL + Simazine 500 mL, 16 - Brodal® 100 mL + Lexone® 150 g + Simazine 
500 mL, 17 - Eclipse® 10 g/ha.  Timing 1-6 BS, 7 IPP, 8-12 at 2 leaf, 13-15 at 4 leaf, 16 at 6 leaf 
and 17 at 8 leaf stage.  Analysis of the nitrogen tests found no significant differences between 
the herbicide treatments or varieties except Sniper® reduced total nitrogen content by 8.0% in 
Mandelup compared to the control.  Further the correlation between nodule dry weight and 
total nitrogen for each variety was not significant (Table 1).  
Table 1. Correlations of nodule dry weight compared to foliage dry weight, root dry weight, total 
nitrogen and yield at 65 DAS and 94 DAS 
Sampling time Variety Comparison Correlation Significance r (a = 0.05) 
65 DAS Mandelup Nodule vs Foliage 0.221 NS 0.245 
  Nodule vs Roots 0.27 S  
 Tanjil Nodule vs Foliage 0.646 S  
  Nodule vs Roots 0.551 S  
65 DAS Mandelup Nodule vs Yield 0.04 NS 0.254 
 Tanjil Nodule vs Yield 0.319 S  
94 DAS Mandelup Nodule vs Foliage 0.495 S 0.245 
  Nodule vs Roots 0.485 S  
 Tanjil Nodule vs Foliage 0.553 S  
  Nodule vs Roots 0.526 S  
94 DAS Mandelup Nodule vs Nitrogen -0.042 NS 0.285 
 Tanjil Nodule vs Nitrogen -0.252 NS  
94 DAS Mandelup Nodule vs Yield 0.23 NS 0.291 
 Tanjil Nodule vs Yield 0.406 S  
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Nodule dry weight in Tanjil was significantly correlated with foliage and root dry weights 65 DAS.  
However, nodule dry weight in Mandelup was only significantly correlated with root dry weight.  Nodule 
dry weight for both Tanjil and Mandelup were correlated with the dry weight of foliage and roots of the 
same variety 94 DAS.  Foliage and roots appeared to have the strongest correlation for both varieties 
at 65 DAS and 94 DAS.  Yield was significantly correlated with dry weight of nodules in Tanjil only 
(Table 1).  
DISCUSSION AND CONCLUSION 
Overseas research has indicated that herbicides can adversely affect the efficiency of legume-
rhizobium symbiosis in leguminous plants.  This particularly so for the nodulation processes and 
nitrogenase activity.  Previous research with triazine herbicides have discovered that the detrimental 
effects are due to a decreased supply of photosynthates to the roots rather than to direct effects on 
nodulation and nitrogen fixation (Bertholet and Clark 1985; DeFelipe et al. 1987 and Kao and Wang 
1981).  Contrary to this, in the present study, two or three way mixes of Lexone® with Brodal® and or 
simazine caused significant reduction in foliage and root dry weight both in Mandelup and Tanjil 65 
DAS, but there was no significant effect on dry weight of nodules.   
The rainfall pattern in 2006 season was unusual compared with previous years.  The late start of the 
season, coupled with the lack of rain within the few weeks after seeding could have possibly 
negatively affected the establishment and growth of the lupins, the amount of nodulation, and also the 
amount of herbicide activity.  Previous research has shown that soybean injury from metribuzin 
application increased as the level of simulated rainfall increased.  It was inferred that an increase in 
herbicidal activity with an increase in moisture content would certainly be expected with metribuzin 
having a solubility of 1220 ppm (Coble and Schrader 1973; Bertholet and Clark 1985). 
It was hypothesised that the application of herbicides will decrease the amount of nodulation.  This 
was found to be partially correct, as some herbicide treatments did in fact significantly decrease 
nodulation.  However, it was also found that some treatments increased it.  Reasons for this was 
possibly due to some infestation of weeds pressuring lupins in the control plots, and because of the 
high amount of variation within the results due to unusual weather conditions (Figure 1).  So overall 
the data did not show as many statistically significant differences as first anticipated. 
In future, to make it more practical to assess, the trial should have smaller plots with less treatments, 
and more samples should be taken per plot (around 10 or more).  This would also make it more 
practical to weed the plot on a regular basis.  Because the weather conditions during this trial did not 
represent the patterns of a ‘normal’ growing season, the trial should be run over several years in order 
to take such variability’s into account. 
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herbicide, nodule, lupin, nitrogen 
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Effects of fertiliser placements and watering regimes 
on lupin growth and seed yield in the central grain 
belt of Western Australia 
Qifu Ma1, Zed Rengel1, Bill Bowden2, Ross Brennan2, Reg Lunt2 and Tim Hilder2,  
1Soil Science & Plant Nutrition UWA,  2Department of Agriculture and Food, Western 
Australia 
KEY MESSAGES 
• Irrigation increased lupin dry weight and seed yield, and the 10 mm/week irrigation was more 
efficient than the 40 mm/4 weeks despite the same amount of water being applied in both 
cases. 
• The yield increase by irrigation was largely due to an increase in the number of lateral pods and 
seed size. 
• Placing fertilisers either shallow (7 cm), deep (18 cm) or splitting (half of the amount at each 
depth) had small effects on growth and seed yield in the dry 2006 season.  
• There was no interaction between fertiliser placement and irrigation, indicating that reduced 
availability of the topsoil nutrients in a dry season may not be a major factor limiting lupin yields. 
AIMS 
In the low to medium rainfall zones of Western Australia, surface soil layer dries out rapidly between 
rains, particularly late in the growing season; consequently, nutrient uptake by plants from the dry but 
nutrient-rich topsoil may be restricted.  This may have adverse effects on lupin yields as this species is 
more dependent on nutrient uptake late in the season for grain filling compared with cereals.  The 
2006 field trial at Corrigin examined the effects of fertiliser placement on lupin growth and seed yield in 
the rain-fed crops and those supplemented with 10 mm of irrigation/week or 40 mm/4 weeks, 
simulating three season types (rain-fed, frequent small rain events, less frequent but bigger rain 
events). 
METHOD 
Field site and growing conditions 
The trial site was located near north of Corrigin (mean annual rainfall of 355 mm and mean May to 
October rainfall of 253 mm).  A pre-sowing survey of the site in early 2005 (prior to the first season of 
trials) showed the following extractable nutrient levels (mg/kg):  26 P, 54 K and 18 S at 0-10 cm; 7 P, 
22 K and 8 S at 10-20 cm; and 5 P, 39 K and 4 S at 20-30 cm.  Soil pH ca was 5.0 at 0-10 cm, 4.7 at 
10-20 cm and 5.4 at 20-30 cm, i.e. a minimal effect of soil acidity.  Soil bulk density (g/cm3) was 
1.01 at 0-10 cm, 1.51 at 10-20 cm, 1.71 at 20-40 cm, 1.94 at 40-60 cm and 2.01 at 60-80 cm. 
Trial treatments 
Narrow-leafed lupin cv. Mandelup was sown on 2 June 2006.  The trial had four fertiliser placements 
(nil fertiliser, shallow − 7 cm, deep − 18 cm or split with half at each depth).  The rates of fertilisers 
(kg/ha) at sowing were 19.3 P, 10.9 K, 15.9 S, 0.2 Cu and 0.3 Zn.  Drip irrigation was applied from 
early August to mid October.  It was a split-plot design, where the watering treatments (rain-fed, 
10 mm/week or 40 mm/4 weeks) were allocated to main plots and the fertiliser placements to subplots 
in three blocks, totalling 36 plots.  Each plot had an area of 1.4 m by 27 m and comprised eight rows at 
a row space of 17.5 cm. 
Measurements 
A weather station was installed at the field site, recording daily rainfall over the growing season.  Soil 
water content (w/w) at the fertiliser depth of three watering treatments was measured by taking soil 
cores (diameter 5 cm) at 0-5, 5-10, 10-15, 15-20, 20-25 cm before each application of 40 mm/4 weeks 
was due. 
Agribusiness Crop Updates 2007 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
56 
Plant densities of all 36 plots were recorded at 39 days after sowing (DAS).  Dry weight of plant tops 
was measured by cutting 30 plants/plot at 39 and 60 DAS, and four 0.18 m2 quadrats/plot at 82, 
102 and 126 DAS.  At 165 DAS, 20 plants/plot were randomly taken for recording the number of pods 
on the main stems and branches, seeds per pod and average seed weight, followed by machine 
harvest of each plot for grain yield. 
RESULTS 
As shown in Figure 1 the month of May (prior to sowing) had a rainfall of 10.2 mm, and it was dry in 
the early (sowing to late July) and late growing season (mid September to final harvest).  In contrast, 
73.6 mm rainfall was recorded from late July to mid September, which was equivalent to 84% of total 
rainfall (87.5 mm) over the whole period of plant growth.  In addition to rainfall, the 10 mm/week plots 
were irrigated 12 times between August and October, while the 40 mm/4 weeks plots were irrigated 
three times over the same period.  The two irrigation treatments had the same amount of water 
applied (120 mm), despite different watering schedules.  It was expected that the 10 mm/week 
irrigation would wet the surface 10-cm soil weekly, compared with monthly wetting to greater depth by 
40 mm/4 weeks.  At the depth of 0–10 cm, soil water content in the end of the 40 mm/4 weeks cycle 
was similar to the rain-fed plots (5.8% in mid season, 2% in late season), but higher in the 
10 mm/week plots (6.5% in mid season, 3% in late season).  At 10–25 cm, both irrigated plots had 
higher soil water contents than the rain-fed plot in mid season, whereas the 10 mm/week plot was 
wetter than the rain-fed and 40 mm/4 weeks plots in the late season. 
The shallow and split fertiliser placements induced early growth vigour (39 DAS), and the plants with 
the deep placement caught up at the next harvest (60 DAS).  All fertiliser placements, including the 
control, had similar shoot dry weight at 82 and 102 DAS, compared with less dry weight of the control 
at 126 DAS and final harvest (Figure 2a).  Irrigation treatments started at 60 DAS, but the irrigation 
effects on growth were not evident until 126 DAS and final harvest.  Plants treated with 10 mm/week 
irrigation produced more dry weight than did the 40 mm/4 weeks (Figure 2b).  There was no 





















Figure 1. Daily rainfall in the 2006 growth season at Corrigin. 
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Figure 2. Growth response of narrow-leafed lupin cv. Mandelup to fertiliser placements (a) and watering 
regimes (b).  There was no significant interaction of placement with water. 
Yield components were significantly influenced by three watering treatments but not by fertiliser 
placements.  Compared with the rain-fed plots, the irrigated plots increased seed yield by increasing 
pod number on the branches and seed size, but not pod number on the main stems or seed number 
per pod (Table 1).  Moreover, the 10 mm/week treatment had higher seed yield than the 40 mm/4 
weeks treatment.  No interactions of fertiliser placement by water treatment were found for yield 
components and seed yield. 
Table 1. Yield components of narrow-leafed lupin cv. Mandelup treated with four fertiliser placements 
and three watering regimes.  There were no interaction effects 









Rain-fed 225 182 c 3.5 126 c 187 c 
10 mm/week 220 326 a 3.4 144 a 238 a 
40 mm/4 wks 197 277 b 3.5 131 b 212 b 
Nil fertiliser 194 253 3.4 136 212 
Shallow 218 267 3.5 133 213 
Deep 247 256 3.5 133 216 
Split  196 273 3.5 131 211 
In the watering treatments, means with different letters were different at P = 0.05. 
CONCLUSION 
The 2006 lupin trial in Corrigin had three watering regimes for simulating three season types.  
Irrigation increased shoot dry weight and seed yield, and the 10 mm/week irrigation produced more 
dry weight and yield than the 40 mm/4 weeks.  This was probably because the weekly irrigation had 
maintained the fertiliser depth (0–25 cm) moist and thus would have increased nutrient uptake by  
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plants.  The yield increase was obtained with an increase in pod number from the branches and 
increased seed size, but without effects on pod number on the main stems and seed number per pod.  
Hence, the irrigation enhanced branch growth and pod set, and grain filling in terminal drought.  The 
non-responsive fertiliser placement and the lack of placement-by-water interaction in the trial may 
suggest that fertiliser placement does not play a major role in lupin growth and yield under very dry 
conditions. 
KEY WORDS 
lupins, fertiliser placement, irrigation, plant growth, grain yield 
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Development of a forecasting model for Bean yellow 
mosaic virus in lupins 
T. Maling1,2, A. Diggle1, D. Thackray1,2, R.A.C. Jones2, and K.H.M. Siddique1, 
1Centre for Legumes in Mediterranean Agriculture, The University of Western 
Australia;  2Department of Agriculture and Food, Western Australia 
BACKGROUND 
Narrow Leafed Lupin (Lupinus angustifolius) is an important grain legume crop for the Western 
Australian grainbelt with up to 1.0 million hectares sown annually.  Bean yellow mosaic virus (BYMV) 
is an aphid borne virus which can result in significant yield loss.  We are developing a risk forecasting 
system for the BYMV-lupin pathosystem in order to help growers determine the necessity of control 
methods in any given season. 
AIMS 
• Develop an effective risk forecasting system for BYMV in lupins. 
• Provide these forecasts in a timely manner via a web-based delivery system. 
• Allow growers to determine the necessity of applying control measures. 
METHOD 
Forecasting models for ‘green-bridge’ diseases, such as the disease BYMV causes, rely on daily 
temperature, rainfall and evaporation data to function effectively.  Generally, the input of this data is a 
time consuming exercise.  As such forecasts generally focus on large areas, and are not run regularly.  
We have developed a framework which has allowed the automation of this data retrieval, facilitating 
higher resolution forecasting on a much shorter timescale.  The first model under development which 
utilises this framework forecasts Bean Yellow Mosaic Virus (BYMV) risk in lupin crops.   
BYMV is a non-persistently aphid-borne virus.  It principle reservoir is infected sub. clover pastures in 
which it survives over summer, and is seed transmitted.  Infection of crops relies on the presence of a 
BYMV-infected pasture adjacent to the lupin paddock, and an aphid population sufficient to spread the 
infection. 
Our model consists of four sub models:  
• A greenness model, which utilises meteorological data to estimate pasture capacity for aphid 
populations. 
• A ‘background’ aphid model, which uses this information from the ‘greenness’ model to estimate 
the numbers of aphids present in the adjacent pasture. 
• A ‘crop’ aphid model, which relies on the ‘background’ aphid model producing emigrant aphids, 
providing an initial population for the crop aphid model. 
• A crop infection model, which uses background/crop aphid levels to estimate the number of 
infective aphids present within the crop throughout the year, allowing us to forecast of expected 
crop infection levels. 
The greenness sub-model utilises daily temperature, rainfall and evaporation data to determine the 
greenness level.  Temperature determines the increase rate of greenness using an inverse polynomial 
function (Figure 1A.).  Rainfall and evaporation are used to determine the fraction of plant available 
water, which is then used to calculate the maximum capacity of greenness using a sigmoidal function 
(Figure 1B.). 
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The greenness level is then used to limit the number of aphids which may be supported.  The increase 
rates of the aphid populations are dependent on temperature (Dixon, 1997).  Aphids migrate from the 
pasture into the crop in a density dependent manner.  
Infection is brought into the lupin crop via infective aphids, with the probability an aphid is carrying 
BYMV dependent on the level of greenness and the location being modelled.  The non-persistent 
nature of the virus in its aphid host results in an ‘edge-effect’ on infection in the crop, as shown in 
Figure 2 (Jones, 2005).  As a result of this the populations of lupins and aphids are divided into 
‘perimeter’ and ‘interior’ populations.  Aphids travel from the pasture to the crop ‘perimeter’, then from 
the crop ‘perimeter’ to the crop ‘interior’.  The probability that an aphid moving from the pasture to the 
‘perimeter’ is infective is determined by the greenness and location of the pasture, and the probability 
that an aphid moving from the ‘perimeter’ to the ‘interior’ is infective is determined by the infection level 
of the ‘perimeter’. 
Once a plant has been infected with BYMV there is 
a period before the infection becomes systemic, 
after which the plant can act as a viral source 
before it dies.  Every day the plant is infected and 
remains alive its potential yield is decreased. 
The infection levels of the ‘perimeter’ and ‘interior’ 
crop populations are combined to provide an 
infection level/yield loss prediction for the location 
being modelled. 
In order to provide seasonal forecasts we need to 
implement some form of predictive modelling.  To 
do this we utilise an archive of over 50 years 
meteorological data.  By taking the meteorological 
data for the season to date (e.g. Jan., Feb., Mar.), 
and filling the remaining months with data from a 
year in the archive (e.g. Apr., May, Jun., Jul., Aug., 
Sept., Oct., Nov., Dec.,) we can create a ‘model 
year’ of data with which to base our analysis.  We create a ‘model year’ for every year in the database 
and run the model on each.  From this set of ~50 results we select our ‘best-case’, ‘most-likely’, and 
‘worst-case’ forecast scenarios.  These scenarios are presented as maps of infection risk/potential 
yield loss for the grainbelt of Western Australia. 
DISCUSSION 
The sub-models used in our forecasts are currently being validated with observed data (trial and 
survey data) collected in previous years.  Validation should be completed in time to allow for a forecast 
for the 2007 growing season.  The risk maps will be available online from the Department of 
Agriculture and Food’s website (http://www.agric.wa.gov.au). 
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Manufacturing of lupin tempe 
Vijay Jayasena1,4, Leonardus Kardono2,4, Ken Quail3,4 and Ranil Coorey1,4 
1Curtin University of Technology, Perth, Australia,  2Indonesian Institute of Sciences 
(LIPI), Indonesia,  3BRI Australia Ltd, Sydney, Australia,  4Grain Foods CRC, Sydney, 
Australia 
BACKGROUND 
Lupin has been cultivated in different parts of the world for many centuries.  Western Australia today 
leads the world in its production and export.  For the lupin industry to be sustainable the farm gate 
value of lupin needs to be increased.  One way of achieving this end is to develop new and innovative 
applications for it as a food or food ingredient.  Until to now lupin has been used predominantly as an 
animal feed.  Food applications for lupin appear limited even though research has been carried out in 
the past on its use as a food ingredient.  
Tempe is a traditional Indonesian fermented food product that is normally made with soybean by 
fermentation by Rhizopus mould species.  Lupin tempe manufactured with a selected micro-organism 
capable of fermenting lupin showed similar consumer acceptability to that of soy tempe. 
AIMS 
• To develop an inoculum for the fermentation of lupin tempe. 
• To develop a fermentation technique for the manufacture of lupin tempe. 
METHOD 
Traditional and branded inoculums were collected from different parts of Indonesia.  Moulds from the 
collected samples were isolated and typical colonies were picked and re-inoculated until a pure culture 
was obtained.  From the isolated micro-organisms an inoculum was selected based on optimum lupin 
fermentation.  Previous studies had shown that the lupin tempe deteriorated faster compared to soy 
tempe developing an ammonia odour.  The reason for such a fermentation characteristic was thought 
to be the lack of fermentable sugars in lupin as compared to soy bean.  To overcome this different 
fermentation aids were added.  The effects of fermentation aids tapioca, CaSO4 and glucose at 
different concentrations on tempe manufacturing were investigated.  
Lupin was mixed with soybean at 0, 20, 30, 40, 50, 60, 80 and 100%.  Mycelia growth was evaluated 
at 24 hour intervals for 72 hours to determine the mould growth.  The consumer acceptability of lupin 
tempe and soybean tempe samples were evaluated with using 80 untrained panellists.  The study was 
conducted in Indonesia.  The physico-chemical and microbial changes during the fermentation were 
also determined.  Firmness of tempe samples was measured by a Mechanical Fruit Firmness Tester 
FT 323 (QA supplies, LLC. Virginia).  Mycelia growth and colour were assessed visually by a trained 
panel of judges and scored on a scale of 1 (very poor) to 10 (excellent). 
RESULTS 
A total 17 tempe mould types were isolated and identified.  The majority of the moulds were Rhizopus 
oligosporus and Mucor sp.  The results indicated that the lupin fermentation ability and the tempe 
quality of the inoculum IIIUWS1 was better than all the other inoculums.  As a result, inoculum 
IIIUWS1 was selected for lupin tempe manufacturing. 
All tempe samples had good quality until the second day.  On the third day the quality of the lupin 
tempe changed significantly.  
The addition of 2-4% tapioca and 0.5% glucose in to the lupin enhanced the rate of microbial growth. 
Figure 1, shows the change in moisture content, firmness and microbial growth at different lupin 
inclusion rates after 72 hours of fermentation.  With an increase in the lupin content the microbial 
growth and firmness decreased and the moisture content increased.  The Indonesian Industry  
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Standards for soy bean tempe states that it should have a maximum moisture content of 65%.  
Lupin:soy bean ratio of 60:40 achieved a moisture content of less than 65% and a firmness of 
3.38-3.53 (kg) which is similar to soy bean tempe.  






















Figure 1. Effects of soy bean substitution on lupin tempe after a 72 hour fermentation. 
Five different lupin, lupin-soy and soy tempe samples were selected for sensory evaluation (Table 1).  
The panel consisted of 80 untrained members selected from the Indonesian general public.  The 
attributes evaluated were appearance, taste, texture and overall acceptability.  A nine point hedonic 
scale test with 1 = Dislike extremely to 9 = Like extremely was used in the study.  The results for the 
different attributes are shown in Table 1.  






(%) Appearance Taste Texture 
Overall 
acceptability 
0 100 4 6.6 6.4 6.5 6.4 
40 60 0 6.7 6.7 6.7 6.6 
40 60 2 6.4 6.6 6.7 6.8 
40 60 4 6.9 6.7 6.7 6.8 
100 0 0 6.8 6.8 7.0 6.8 
The sensory scores for lupin tempe with 40% soy bean and 4% tapioca added were very similar to the 
standard soy tempe indicating the panellists could not detect a significant difference.  
CONCLUSIONS 
• The developed inoculum is capable of fermenting lupin for the manufacture of lupin tempe. 
• Lupin tempe with similar quality characteristics to standard soy tempe can be manufactured up 
to 60% lupin incorporation. 
• Addition of tapioca at 2-4% improved the lupin tempe quality by increasing the rate of microbial 
growth. 
KEY WORDS 
lupin, tempe, lupin tempe, soy bean 
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The impact of lupin based ingredients in ice cream 
Hannah Williams, Lee Sheer Yap and Vijay Jayasena, Curtin University of 
Technology, Perth WA 
KEY MESSAGES 
• Defatted lupin flour and lupin protein isolates were incorporated into ice creams to replace either 
100% or 50% of egg and skim milk powder in the ice cream formulation.  Defatted lupin flour 
fortified ice creams were deemed unacceptable due to the presence of strong unpleasant 
flavours but ice creams containing lupin protein isolate did not significantly differ to the control 
ice cream with respect to sensory characteristics.  Some differences in physical and chemical 
characteristics were demonstrated.  This study showed that lupin protein isolates can be 
incorporated into ice cream formulations without compromising sensory, chemical or physical 
quality.  
AIM 
To determine the impact of the addition of defatted lupin flour or lupin protein isolates on physical, 
chemical and sensory properties of ice cream when compared to a control ice cream formulation.  
METHOD 
Defatted lupin flour was obtained from Weston Milling.  Lupin protein isolates were extracted from 
defatted lupin flour using alkaline extraction followed by isoelectric precipitation, as described by Chih 
(2004).  Defatted lupin flour and lupin protein isolates were analysed for moisture and protein content 
immediately before ice cream making. 
Ice cream was produced using the Scoop Factory Ice Cream and Frozen Dessert Maker, model 
ICM10, Breville.  Defatted lupin flour or lupin protein isolates were incorporated into ice cream 
formulations at either 100% or 50% replacement of egg and skim milk powder in a standard ice cream 
formulation (Control).  Five types of ice cream were produced in total (Table 1). 
Table 1. Ice cream formulations 







Cream (mL) 416.7 416.7 416.7 416.7 416.7 
Sugar (g) 104.2 104.2 104.2 104.2 104.2 
Vanilla essence (mL) 2.1 2.1 2.1 2.1 2.1 
Skim milk powder (g) 20.8 -- 10.4 -- 10.4 
Egg (g) 50 -- 25 -- 25 
Water (g) 104.2 139.0 121.5 87.8 96.1 
Lupin Flour (g) -- 36.0a 18.0b -- -- 
Lupin protein isolate (g) -- -- -- 69.6c 34.8d 
TOTAL MIX 698.0 698.0 697.9 680.4 689.3 
aProvides 3.5 g moisture and 12.9 g protein;  bProvides 1.8 g moisture and 6.5 g protein;  cProvides 54.3 g 
moisture and 12.9 g protein;  dProvides 27.2 g moisture and 6.5 g protein. 
Chemical analysis of moisture, fat and protein were carried out according to the Official Methods of 
Analysis of AOAC (AOAC International 1996) for ice cream and frozen dessert.  Physical parameters 
measured were overrun, firmness, viscosity and ice crystal size.  Overrun is a significant quality 
parameter in ice cream as it influences texture and colour of the ice cream: 
Overrun (%) = (Weight of mix – weight of same volume of ice cream) x 100% 
 Weight of same volume of ice cream 
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Firmness of ice cream was measured as the force used to penetrate the  frozen samples to a depth of 
20 mm at a speed of 2 mm/s, as carried out by Abd El-Rahman et al. (1997) using the TA.XT2i 
Texture Analyser (Texture Technologies Corp., USA).  Viscosity of mix was measured using a 
Brookfield viscometer (Model DV-1, Brookfield Engineering Laboratories, Inc., USA) as described by 
Abd El-Rahman et al. (1997).  Crystal size was measured using a micrometer (Model 147-103, 
Mitutoyo, Japan). 
Fifty-four consumer panellists participated in the sensory evaluation.  Only the Control, Lupin Protein 
Isolate (100%) and Lupin Protein Isolate (50%) ice creams were used in the sensory evaluation as the 
flavour and taste of Lupin Flour ice creams were found to be unacceptable by experienced sensory 
judges when evaluated during the production phase.  The three ice creams to be presented to 
consumer panels were coded with random 3-digit numbers.  Unstructured line scales were used to 
record panellists’ impressions of colour, iciness, mouth-feel, firmness, sweetness, flavour, odour and 
overall acceptability.  
RESULTS 
The ice creams fortified with defatted lupin flour were excluded from the sensory evaluation due to 
their strong flavour.  The flavours of these ice creams were described as ‘beany’, ‘green grass’ and 
‘soybean milk flavour’.  Nevertheless, chemical and physical tests were carried out on the ice creams.  
Lupin flour (100%) had a significantly lower fat content (P < 0.05), higher total solids (P < 0.001), 
higher viscosity (P < 0.001) and greater firmness (P < 0.05) than the control.  Lupin flour (50%) had a 
higher total solids (P < 0.001) and greater firmness (P < 0.05) than the control. 
Ice creams containing lupin protein isolates were not significantly different in sensory characteristics to 
the control with respect to colour, iciness, mouth-feel, firmness, sweetness, flavour, odour and overall 
acceptability.  Physical characteristics showed that whilst Lupin Protein Isolate (50%) had no 
significant difference to the control, Lupin Protein Isolate (100%) had significantly greater firmness 
(P < 0.01) and larger crystal size (P < 0.01) compared to the control.  Chemical composition was not 
significantly different with respect to fat content between the control and test ice creams, but Lupin 
Protein Isolate (100%) had a higher protein content (P < 0.05) and Lupin Protein Isolate (50%) had a 
higher total solids content (P < 0.01) compared to the control. 
CONCLUSION 
One of the greatest limitations of adding lupin fractions into food products is the impact of flavour.  In 
the present study, adverse flavours were not detected by consumer panellists in ice creams containing 
lupin protein isolates.  However, the beany flavour in lupin flour fortified ice creams was distinct and 
did not blend well with the traditional ingredients used in ice cream.  Further processing such as 
protein isolation is essential if lupin is to be used in foods such as ice cream.  Future studies should 
focus on protein enrichment by increasing the concentration of lupin protein isolates in ice creams to 
different magnitudes.  In addition, concurrent fat reduction could result in an exciting novel, functional 
frozen dessert which caters to the modern lifestyle. 
KEY WORDS 
lupin protein isolates, lupin flour, functional food, ice cream 
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The acceptability of muffins substituted with varying 
concentrations of lupin flour 
Anthony James, Don Elani Jayawardena and Vijay Jayasena, Curtin University of 
Technology, Perth WA 
KEY MESSAGES 
• Presently in Australia lupins are grown primarily to be used in animal feed.  However their 
nutritional composition, being high in fibre and protein, warrants their inclusion to a greater 
extent as part of a healthy diet in humans.  It remains important therefore to determine suitable 
food products to which lupin, in the form of lupin flour could be added without any loss in 
acceptability.  Flour from Australian Sweet Lupin (ASL) (Lupinus angustifolius) was substituted 
for wheat flour at 5%, 10%, 20%, and 30% in the preparation of muffins.  Physical tests revealed 
that substitution of up to 20% ASL did not affect height or volume compared to control wheat 
flour muffins; however moisture content was significantly higher in all lupin incorporated muffins 
compared to control muffins.  Sensory analysis evaluation (n = 72) revealed that substitution 
with either 10% or 20% ASL resulted in a significant improvement in all sensory parameters 
compared to control. 
AIM 
To determine the maximum acceptable level of lupin flour substitution for wheat flour in muffins. 
METHOD 
ASL flour derived from Lupinus angustifolius (41% protein; 6.5% fat; 28% dietary fibre; less than 1% 
starch; 9% moisture) was from Irwin Valley Pty Ltd, Lumill Cereamex, Australia.  Soft biscuit flour 
(wheat flour) was from Weston Milling, Western Australia.  The standard control muffins contained 
100 g wheat flour, 50 g sucrose, 20 g vegetable shortening, 72 g whole milk, 30 g beaten liquid egg, 
5 g water, 8.5 g baking powder, 0.5 g baking soda, 2.3 g salt, 0.25 g SSL, 0.25 g sorbic acid, 3.5 g 
starch.  Muffins containing ASL were substituted at 5%, 10%, 20%, 30% (w/w) for the wheat flour 
component of the muffins. 
The muffins were prepared by combining the flour, sugar, baking powder, baking soda, starch, sorbic 
acid and salt manually for 1 min.  The beaten liquid eggs, SSL, water and milk and vegetable 
shortening were mixed separately.  The two mixtures were then combined and approximately 65 g of 
batter was used for each muffin.  The muffins were baked in a preheated oven at 205oC for 22 min. 
The height of all muffins was measured by cutting the muffins into half and measuring the distance 
from top to bottom.  The volume was determined using rapeseed displacement according to the 
approved method 10-05 (AACC 2000).  Moisture content was determined using the AOAC Official 
Method 931.04 (AOAC, 1996). 
Sensory analysis was conducted using 72 consumer panellists.  The control and 5%, 10%, 20%, and 
30% lupin muffins were presented coded using random 3-digit numbers.  The panellists were asked to 
rate the muffins based on overall appearance (top crust shape, crust colour, crumb colour); texture 
(compressibility, crust tenderness, crumbliness at initial bite, crumbliness after chewing, crumb 
tenderness, mouth feel moistness, adhesiveness); taste, shape and overall acceptability.  Acceptance 
testing was performed using a 9-point hedonic scale marked from 1 − dislike extremely to 9 − like 
extremely. 
RESULTS 
The results from the physical tests showed that muffins substituted with 5%, 10%, and 20% ASL were 
not different from control muffins for either height or volume, however substitution with 30% ASL 
resulted in a significantly reduced height and volume compared to control muffins (P < 0.05).  Moisture 
content was found to be significantly higher across all concentrations of ASL substituted muffins 
compared to control muffins (P < 0.05). 
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Analysis of the sensory evaluation data (Table 1) revealed that the taste of the 5%, 10%, and 20% 
ASL substituted muffins was rated better than the control muffins (P < 0.05), however the taste of the 
30% ASL substituted muffins were rated the same as the control muffins.  The texture of the 10%, and 
20% ASL substituted muffins was rated better than the control muffin (P < 0.05), however the texture 
of the 5%, and 30% ASL substituted muffins were rated the same as the control muffins.  The shape of 
the 10%, 20%, and 30% ASL substituted muffins was deemed better than the control muffins 
(P < 0.05), however the shape of the 5% ASL substituted muffin was not different from control.  In 
terms of overall appearance the 10%, 20%, 30% ASL substituted muffins were rated better than 
control muffins (P < 0.05), whereas the 5% ASL substituted muffin was not different from control for 
overall appearance.  Finally all the concentrations of ASL substituted muffins were rated better in 
terms of overall acceptability than the control muffins (P < 0.05). 
Table 1. Summary of sensory evaluation of lupin incorporated muffins.  Shown are means ± standard 
error of hedonic ratings for sensory analysis from 1 = dislike extremely to 9 = like extremely.  
Values for lupin incorporated muffins that were significantly different from those obtained for 
the control muffins are indicated by * (P < 0.05) 
 Taste Texture Shape Overall appearance 
Overall 
acceptability 
Control 4.8 ± 0.1 4.9 ± 0.1 4.7 ± 0.1 4.2 ± 0.2 4.7 ± 0.1 
5% ASL 5.4 ± 0.1* 5.2 ± 0.1 4.5 ± 0.1 4.6 ± 0.2 5.3 ± 0.1* 
10% ASL 5.3 ± 0.1* 5.5 ± 0.1* 5.5 ± 0.1* 5.4 ± 0.2* 5.4 ± 0.1* 
20% ASL 5.2 ± 0.1* 5.5 ± 0.1* 5.7 ± 0.1* 5.5 ± 0.2* 5.5 ± 0.1* 
30% ASL 4.9 ± 0.1 5.2 ± 0.1 5.8 ± 0.1* 5.7 ± 0.2* 5.1 ± 0.1* 
Overall from both sensory and physical data it appears that substitution of ASL up to 20% does not 
decrease the quality of muffins compared to control 100% wheat flour muffins.  Rather substitution 
with either 10% or 20% ASL actually improved all sensory parameters compared to control, and 
resulted in a muffin with greater moisture.  
CONCLUSIONS 
Muffins represent a good food product to incorporate ASL without any deterioration of quality when 
incorporated up to 20% of the flour component.  The improved sensory appeal of incorporation at 
levels of either 10% or 20% ASL coupled with the increased fibre and protein content of lupin flour 
compared to wheat flour represents an important opportunity for the use of ASL. 
KEY WORDS 
lupin flour, functional food, muffin 
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Chickpea variety evaluation 
Kerry Regan1, Rod Hunter1, Tanveer Khan1,2 and Jenny Garlinge1,  1Department 
of Agriculture and Food, Western Australia,  2CLIMA, The University of Western 
Australia 
KEY MESSAGES 
• Seed yield of chickpea varieties and lines were poor at most sites in 2006 due to low rainfall 
during the growing season, particularly in the northern cropping region. 
• Sonali, Genesis 510 and Kyabra were the highest yielding chickpea varieties in 2006. 
• The effort of breeding programs to improve ascochyta blight resistance is now evident in the 
new breeding lines being promoted to CVT/NVT trials from both National and WA programs.  
• Advanced breeding lines (CICA0503, CICA0603, WACPEA2136 and WACPE2115) with 
improved ascochyta blight resistance and seed quality are showing potential in Western 
Australia (WA). 
• The yield data must be viewed with caution as a large number of lines entered these trials for 
the first time. 2006 was an extra-ordinarily dry season with low yields at all sites excepting 
Bolgart where delayed sowing in early July makes it atypical of normal practices. 
AIMS 
• To evaluate the yield potential of chickpea varieties and pre-release lines across a range of 
regional environments in WA. 
• To identify specific environments that chickpea varieties and pre-release lines are best targeted. 
METHOD 
Chickpea varieties and advanced breeding lines were evaluated for yield at five sites in 2006 
(Mingenew, Carnamah, Dalwallinu, Bolgart and Merredin).  Five other sites were planned, but were 
not planted due to poor moisture conditions at sowing (Morawa, Mullewa and Mukinbudin), or were not 
harvested due to drought (Coorow and Muresk).  Evaluation included 11 varieties and 39 breeding 
lines.  Breeding lines included in the National Variety Testing (NVT) trials can be identified by their 
‘CICA’ prefix followed by a series of four numbers indicating the year of promotion to NVT (‘06’ for 
2006) and entry number (01 to 10).  Lines from the WA program have a prefix ‘WACPE’ followed by 
numbers.  Trials were sown in field plots (generally 20 m long x 1.44 m wide) with three replications. 
Trials received the recommended fungicide management package for ascochyta blight.  Plots were 
machine harvested to determine seed yield.  Yield was analysed using REML methods, but results 
presented here are from preliminary analysis. 
RESULTS AND DISCUSSION 
The growing season rainfall was well below average through much of the State, particularly in the 
northern region where the majority of the chickpea variety trials were located.  Poor moisture in 
autumn at Morawa, Mullewa and Mukinbudin prevented trials being sown, while lack of rain after 
sowing reduced crop growth at Muresk and Coorow where the trials could not be harvested.  In 
general, the mean yield of trials were poor (< 600 kg/ha), except at Bolgart (1251 kg/ha) where mild 
spring conditions prevailed (Table 1).  Disease pressure was low in 2006 and no ascochyta blight was 
recorded in these trials. 
Genesis 510, Genesis 509, Genesis 836, Sonali and Kyabra produced the greatest yields of the 
commercial varieties (Table 1).  Sonali was released for its partial resistance to ascochyta blight and 
chilling tolerance, and has been a consistently high yielding variety over the past few years.  Genesis 
510 has also been consistently high yielding in WA, has greater ascochyta blight resistance compared 
to Sonali and Genesis 836, and generally exhibits better adaptation and yield than Genesis 509. 
Sonali, Genesis 509 and Genesis 510 do not have seed quality as good as Howzat.  Despite 
performing well in 2006, Kyabra has limited ascochyta blight resistance and was released specifically 
for production in southern Queensland.  It is unlikely that Kyabra will produce profitable yields in 
southern Australian conditions under ascochyta blight pressure. 
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A number of breeding lines performed well compared to commercial chickpea varieties.  The lines 
CICA0505 and CICA0503 are currently in seed production for potential release.  However resistance 
of CICA0505 does not appear adequate in Western Australia.  CICA0603 also performed extremely 
well at Carnamah and Merredin, but was not present at other sites.  WACPEA2136 and WACPE2115 
produced comparatively high yields across sites and have good ascochyta blight resistance, similar to 
Genesis 510.  Based on these results and those from breeding trials in 2005 a few WACPE lines will 
be targeted for fast tracking; WACPE2115 is most likely to be one of them. 
KEY WORDS 
chickpea, Cultivar Variety Testing (CVT), National Variety Testing (NVT) 
Table 1. Seed yields1 (% Rupali) of chickpea varieties and breeding lines in CVT/NVT trials 2006 sowing 
dates in parentheses 











Sonali 276 452 501 1483 600 662 
Flipper  75 78 84 69 86 78 
Genesis 090  68 64 99 89 73 79 
Genesis 508  82 47 80 86 75 74 
Genesis 509 113 92 98 77 98 96 
Genesis 510 117 89 115 101 106 106 
Genesis 836  125 89 97 74 108 99 
Howzat 118 75 89 85 82 90 
Kyabra 103 50 134 104 95 97 
Rupali 110 94 67 60 92 85 
Yorker 88 67 82 82 71 78 
CICA0603 - 109 -  - 126 118 
CICA0505 116 96 101 111 118 108 
99011-1007  - 103 - - 113 108 
97037-1465  121 110 72 115 107 105 
99315-1130  120 94 119 80 104 103 
98318-3007  109 76 117 105 103 102 
WACPE2136 125 69 86 129 91 100 
97020-1489  109 101 95 79 111 99 
97020-1727  99 79 116 101 93 98 
WACPE2115 123 83 91 89 105 98 
97020-1351  111 98 104 82 96 98 
98238-01V4050 - 101 - - 94 98 
CICA0503 112 71 89 118 94 97 
97039-1415  113 87 91 100 92 97 
97144-1118  118 87 93 87 99 97 
99004-1203  118 90 83 102 82 95 
97020-1488  112 86 89 91 97 95 
97020-1561  97 96 95 77 112 95 
WACPE2117 114 104 88 67 100 95 
WACPE2133 121 83 106 68 93 94 
WACPE2135 112 96 84 85 87 93 
WACPE2138 - 70 -  -  115 93 
WACPE2126 105 75 87 99 96 92 
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Table 1 continued … 











Sonali 276 452 501 1483 600 662 
WACPE2116 117 79 99 72 93 92 
WACPE2128 121 82 85 90 79 91 
97020-1898  108 81 103 79 86 91 
WACPE2120 94 76 97 75 97 88 
98119-1-5 84 85 89 76 99 87 
WACPE2132 105 72 80 80 94 86 
97020-1893  97 84 95 58 98 86 
WACPE2124 88 53 104 74 104 85 
WACPE2119 110 82 69 65 94 84 
WACPE2129 102 75 91 59 92 84 
97020-1343  88 79 82 89 79 83 
WACPE2113 80 68 99 80 89 83 
98047-2-12  94 83 78 76 84 83 
98346-1-4 87 72 86 84 81 82 
WACPE2118 106 60 71 83 92 82 
WACPE2121 99 54 76 85 93 81 
WACPE2127 96 58 89 74 90 81 
WACPE2123 106 55 73 72 89 79 
WACPE2122 105 74 71 71 76 79 
WACPE2130 87 70 67 63 84 74 
WACPE2134 74 61 73 70 62 68 
Mean site SY 287 364 456 1251 564 584 
SED 25 46 45 212 59  
CV% 11 16 12 21 13  
1 Seed yield of Sonali and mean site yield presented in kg/ha. 
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Advanced breeding trials of desi chickpea 
Khan, T.N.1, Siddique, K.H.M.3, Clarke, H.2, Turner, N.C.2, MacLeod, W.1, 
Morgan, S.1, and Harris, A.1,  1Department of Agriculture and Food, Western 
Australia,  2Centre for Legumes in Mediterranean Agriculture,  3The University of 
Western Australia 
KEY MESSAGE 
• This trial will lead to the selection of 20-30 breeding lines with good yield potential, good quality 
seed and an ascochyta blight resistance that is greater than the current variety Genesis 836 for 
2007 Crop Variety Testing (CVT). 
BACKGROUND 
The desi chickpea (Cicer arientinum L.) is well adapted to a range of fine textured soils of Western 
Australia and was readily adopted when introduced in the mid 1990s.  The areas rose steeply to 
80,000 ha in 1999 but with the outbreak of ascochyta blight epidemics it declined sharply and very 
little chick pea is now grown in the state.  With the availability of more resistant varieties there are 
prospects of resurgence in the crop, but current resistant varieties are poorly adapted to Western 
Australia and their quality does not match the earlier releases (Sona and Heera) that were 
unfortunately very susceptible. 
In 2005, a new breeding project based on an international partnership between DAFWA, CLIMA, 
ICRISAT (India) and COGGO was started with the aim of accelerating the development of ascochyta 
resistant, high quality varieties that are adapted to Western Australia.  This paper reports the results 
from the 2006/2007 season of the advanced breeding lines developed to date through program. 
AIMS 
• To evaluate advanced breeding lines for yield, seed quality, ascochyta resistance and related 
agronomic characteristics. 
• To select lines for inclusion in the stage 3 CVT trials in 2007. 
METHODS 
Seventy eight lines, including controls were sown in two replications using spatially balanced 
row-column design, at four sites.  The sowing at Coorow, Dalwallinu and Merredin was on 30 May, 
31 May and 1 June, respectively.  However, due to the failure of rain, sowing at Bolgart was done very 
late on 29 June.  All sites suffered from drought, but it was most noticeable at Coorow where herbicide 
sprays failed to control ryegrass.  The Coorow site was abandoned due to poor growth and ryegrass 
infestation.  Ascochyta blight was controlled through frequent fungicide sprays and only one plot of the 
variety Howzat at one site showed negligible amount of infection.  The yield data from the remaining 
three sites were analysed using the statistical package ASREML. 
RESULTS 
Rainfall at all sites was well below average and plants were stressed throughout the growing season 
until August and September when significant rainfall allowed the crops to recover at all sites except 
Coorow.  Dalwallinu was most affected by moisture stress, but Merredin also showed clear signs.  
Bolgart, despite being sown late, showed good growth and rapid development due to the higher 
rainfall.  Failure of October rainfall hastened maturity at all sites.  Grain yields were reasonable at 
Merredin and good at Bolgart, in spite of unusually unfavourable condition, indicating the robustness 
of desi chickpea in adverse conditions (Table 1).  Twelve breeding lines yielded greater across the 
three sites than the highest yielding control, Sonali.  Rupali and Sonali were the earliest flowering 
lines, but six breeding lines were also in the early flowering group.  Sixteen lines flowered earlier than 
Genesis 836.  Four lines matured earlier than the earliest maturing control, Rupali.  Some very large 
seeded lines with attractive seed colour were also identified.  All breeding lines showed more 
ascochyta resistance than Sonali and Rupali and only 3 lines showed less resistance than Genesis 
836, indicating the effectiveness of our selection strategy for ascochyta resistance in the earlier stages 
of breeding.  Six lines had a high degree of resistance, similar to Genesis 508, Genesis 509 and  
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Genesis 510.  Preliminary selection has led to the identification of 20 lines with a desirable 
combination of ascochyta resistance and yield potential (Table 1).  Most lines have acceptable seed 
size and their seed coat colour is better than Sonali.  The data will be further examined to identify a 
few additional lines that may be promoted to the 2007 CVT trials. 
KEY WORDS 
chickpea, desi, breeding, ascochyta blight, resistance 
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Table 1. Flowering score (Fs 1-9; 1 = earliest), maturity score (Ms 1-9; 1 = earliest), yield as % of site 
mean, seed coat colour (1-9; 9 = darkest, almost black), ascochyta blight reaction (Asco; 0-9, 
0 = immune, 1 = most resistant and 9 = most susceptible) and selection score under 
ascochyta disease epidemic (SND; ascochyta levels as seen at podding stage, 0 = least 
desirable and 3 = most desirable).  Asco and SND were recorded in a disease nursery at 
Medina and means are based on 3 replications. 
Yield % of site mean 
Entry Fs Ms 
Bolgart Dalwallinu Merredin 
100SW Seed colour Asco SND 
99-451A-WAD1 5 6 113 110 112 19.8 4.0 3.7 1.8 
99-463B-WAD8 6 6 107 125 103 17.8 2.5 4.3 2.2 
99-451A-WAD7 6 6 115 105 102 15.9 4.0 4.0 1.8 
98244-WAD11 4 7 102 117 102 18.8 4.0 4.7 1.7 
98341-WAD3 5 6 108 103 105 13.6 5.0 4.0 2.0 
98170-WAD2 2 6 96 124 101 19.4 4.0 4.8 1.8 
99-451A-WAD19 6 6 102 108 105 19.9 4.0 5.0 1.8 
99207-WAD11 5 6 100 118 100 20.5 5.0 5.3 1.8 
99-463B-WAD16 5 6 107 100 104 17.7 3.5 5.0 1.8 
99207-WAD2 5 6 100 109 102 16.9 5.0 3.8 2.0 
98341-WAD7 5 5 104 100 102 13.8 5.0 4.7 2.0 
99186-WAD2 5 6 99 96 106 16.7 4.5 3.7 2.0 
99315-WA3 5 7 101 104 101 13.4 3.0 4.8 2.0 
99-432C-WAD4 2 6 103 103 97 18.1 4.5 5.0 1.7 
98318-4-11 6 6 100 93 99 14.8 4.0 4.5 2.0 
99-451A-WAD14 4 7 92 80 107 17.7 4.0 4.8 1.7 
99-463B-WAD17 6 7 112 84 95 16.9 4.0 5.2 1.7 
99-462A-WAD20 2 4 104 97 92 12.5 3.0 4.3 2.0 
99-448B-WAD7 8 7 95 94 94 19.0 4.5 4.8 1.8 
98244-WAD21 6 6 103 89 91 16.3 5.0 4.5 2.0 
99-462A-WAD18 6 5 102 95 108 13.9 8.0 4.3 2.0 
Genesis 510 4 6 108 113 98 14.3 5.0 4.0 2.3 
Genesis 509 6 4 98 106 98 13.4 5.0 3.3 2.3 
Genesis 836 5 6 103 98 103 15.6 4.0 5.8 1.3 
Rupali 1 5 89 114 101 14.2 2.0 6.5 1.0 
Sonali 1 6 100 102 106 16.0 6.0 6.7 0.0 
Howzat 5 7 105 111 95 18.2 3.5 7.6 0.0 
Mean site yield kg/ha   1084 370 605     
CV%   13.0 14.8 13.2     
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Ascochyta resistance in chickpea lines in Crop 
Variety Testing (CVT) of 2006 
Tanveer Khan1 2, Bill MacLeod1, Alan Harris1, Stuart Morgan1 and Kerry Regan1,  
1Department of Agriculture and Food, Western Australia,  2CLIMA, The University of 
Western Australia 
KEY MESSAGES 
• Breeding for ascochyta blight resistance has been very effective and all WA entries show a level 
of resistance greater than the current resistant variety Genesis 836. 
• The prospect for more releases of new ascochyta resistant varieties that are adapted to WA is 
very good in medium and long term. 
BACKGROUND 
Ascochyta blight (Ascochyta rabiei) is the most important disease of chickpea in Western Australia 
(WA) and it had a devastating effect on the chickpea industry.  Resistance to ascochyta blight is 
therefore of utmost importance in new varieties.  The WA breeding program places selection for 
ascochyta resistance as the top priority.  Lines entering CVT have undergone several cycles of 
selection to ensure only those with a high level of resistance enter the trials.  This paper reports results 
of two experiments that monitor ascochyta resistance in the CVT lines. 
AIMS 
• To monitor yield of desi chickpea lines entering CVT Stage 3 trials of 2006 under ascochyta 
blight epidemic. 
• To monitor reaction to ascochyta blight in a disease nursery of all stage 3 and stage 4 Kabuli 
and desi chickpea entries of the 2006 CVT. 
METHODS 
All stage 3 CVT entries including controls were sown in 5 row, 10 m long plots with three replications 
in a randomised block design at Merredin on 1 June 2006 (Experiment 1).  Four weeks after 
emergence a small amount of chickpea stubble infected with ascochyta blight was placed in the 
middle of each plot to initiate infection and to simulate natural spread of the disease as it occurs in a 
paddock situation.  Disease is monitored periodically.  At maturity, plots were harvested to obtain yield 
data. 
All entries in the stage 3 and stage 4 CVT trials were sown in a disease nursery at Medina on 22 May 
2006 (Experiment 2).  One month after sowing infected stubble was liberally sprinkled over the entire 
nursery.  Natural winter rainfall was supplemented with overhead watering if prolonged periods without 
rain occurred.  Ascochyta reaction on each plot was recorded on 24 August 2006. 
RESULTS 
Merredin experienced prolonged dry conditions after sowing.  Some good spring rainfall helped the 
crop but finishing rains failed and in general moisture stress was experienced at almost all stages.  
The ascochyta epidemic developed despite low rainfall but its severity declined a little due to lack of 
rains later in the season.  The effect of drought made it difficult to make accurate disease assessment 
and therefore disease reactions were not recorded at Merredin.  However, disease reactions were 
assessed in the Medina Disease Nursery (Table 1).  Yields from the Merredin trial can be considered 
reasonable despite drought conditions.  However, yields were quite variable and it is clear that 
ascochyta resistance had a big role to play.  Almost all lines with ascochyta reaction 4 or less 
produced good yields.  The ascochyta reaction amongst the top 10 highest yielding lines ranged from 
1.4-3.5.  Genesis 508 was, however, amongst the low yielding lines despite its high resistance to 
ascochyta blight.  This may be due to its inherent low yield potential as seen in previous CVT trials and 
also due to its greater sensitivity to drought.  Tyson, Heera and Sona, the susceptible lines, were the 
lowest yielding.  Sona was almost decimated. 
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At Medina ascochyta blight development was severe and highly susceptible lines were almost dead 
before disease ratings were recorded.  The results confirm that Genesis 508, Genesis 509, Genesis 
510 and Kabuli variety Genesis 090 were amongst the moderately resistant lines.  Flipper and Yorker, 
the NSW releases, showed less resistance than Sonali and Rupali.  Both Rupali and Sonali were 
moderately susceptible.  Kabuli lines Almaz and Nafice showed useful levels of resistance.  It is 
interesting to note that many WACPE lines (DAFWA program) showed resistance comparable to the 
best Genesis lines. 
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Table 1. Yield from varieties sown at Merredin, under ascochyta epidemic and ascochyta blight 
reaction scores (0 = no disease to 9 = highly susceptible) in the Medina Disease Nursery in the 
Stage 3 desi chickpea lines in the 2006 CVT 
Variety/line Yield (kg/ha) Yield rank % of mean site yield 
Ascochyta 
reaction 
WACPE2116 610 1 177 2.8 
WACPE2135 585 2 170 2.6 
97020-1488 547 3 159 3.5 
97020-1343 545 4 159 2.8 
WACPE2134 525 5 153 2.8 
WACPE2114 523 6 152 2.9 
WACPE2121 519 7 151 3.3 
WACPE2136 516 8 150 2.1 
97144-1118 510 9 148 3.1 
WACPE2129 495 10 144 1.4 
WACPE2133 481 11 140 2.3 
WACPE2132 478 12 139 4.0 
WACPE2127 476 13 138 1.6 
Genesis 510 471 14 137 3.0 
WACPE2125 451 15 131 2.3 
WACPE2118 442 16 129 3.0 
97020-1727 432 17 126 2.6 
WACPE2126 431 18 125 3.4 
WACPE2128 430 19 125 2.9 
WACPE2131 426 20 124 2.4 
WACPE2113 414 21 120 3.2 
WACPE2117 412 22 120 3.4 
WACPE2122 410 23 119 3.4 
WACPE2123 397 24 116 3.3 
97039-1415 394 25 115 4.0 
Sonali 393 26 114 4.9 
Yorker 391 27 114 6.0 
WACPE2112 385 28 112 1.9 
Genesis 509 380 29 110 2.3 
WACPE2130 371 30 108 2.3 
WACPE2115 359 31 105 3.1 
WACPE2124 355 32 103 3.6 
WACPE2120 351 33 102 2.8 
WACPE2119 349 34 101 3.6 
Genesis 836 344 35 100 4.2 
Rupali 319 36 93 4.7 
Flipper 302 37 88 5.6 
Howzat 302 38 88 6.3 
Genesis 508 273 39 79 2.0 
Tyson 211 40 61 8.0 
Heera 142 41 41 8.0 
Sona 37 42 11 7.5 
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Table 2. Mean ascochyta reaction (0 = immune to 9 = most susceptible) in the Stage 3 and Stage 4 
chickpea lines of the 2006 CVT at Medina, 2006 





WACPE2127 2.2 97144-1118 3.8 WACPE2110 4.5 
WACPE2112 2.5 WACPE2102 3.8 WACPE2126 4.5 
WACPE2136 2.7 WACPE2115 3.8 WACPE2138 4.5 
Genesis 508 2.7-3.2 WACPE2120 3.8 CICA0503 4.7 
WACPE2125 3.0 WACPE2128 3.8 WACPE2119 4.7 
WACPE2130 3.0 FLIP94-79C 4.0 WACPE2108 4.8 
WACPE2131 3.0 WACPE2104 4.0 97039-1415 5.0 
FLIP97-657-CLIMAS 3.2 WACPE2105 4.0 Nafice 5.0 
WACPE2109 3.2 WACPE2106 4.0 WACPE2132 5.0 
WACPE2133 3.2 WACPE2118 4.0 Almaz 5.2 
Genesis 509 3.2-3.5 98238-01V4050 4.2 WACPE2100 5.2 
Flip97-114C 3.3 WACPE2103 4.2 WACPE2107 5.2 
WACPE2135 3.3 WACPE2111 4.2 Genesis 836 5.5-5.7 
97020-1343 3.5 WACPE2113 4.2 98238-1156 5.7 
97020-1727 3.5 99011-1007 4.3 Rupali 6.2 
99038-1013 3.5 CICA0603 4.3 Sonali 6.3 
S98167-CLIMAS 3.5 WACPE2117 4.3 CICA0505 6.5 
WACPE2114 3.5 WACPE2121 4.3 00084-1151 6.8 
WACPE2129 3.5 WACPE2122 4.3 Flipper 7.3 
WACPE2134 3.5 WACPE2123 4.3 Yorker 7.7 
98318-3007 3.7 WACPE2124 4.3 Heera 8.0-8.5 
WACPE2116 3.7 97020-1488 4.5 Howzat 8.3-8.7 
Genesis 510 3.7-3.8 Genesis 090 4.5   
Agribusiness Crop Updates 2007 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
79 
Yield evaluation of ascochyta blight resistant Kabuli 
chickpeas 
Kerry Regan1 and Kadambot Siddique2,  1Department of Agriculture and Food, 
Western Australia,  2Institute of Agriculture, The University of Western Australia 
KEY MESSAGES 
• Two new Kabuli chickpea varieties, AlmazA and NaficeA, were released for commercial 
production in 2006. 
• The new varieties are significantly more resistant to ascochyta blight, and have improved seed 
yield and seed size compared to Kaniva.  Both new varieties have similar seed colour and 
cooking quality to Kaniva. 
• For varieties with moderate resistance to ascochyta blight, an integrated disease management 
package including two strategic applications of fungicide (chlorothalonil 720 g/L applied at 
1.0-2.0 L/ha) are recommended to manage disease in Western Australia (WA).  The first at four 
weeks after emergence and a second at full flowering. 
• AlmazA and NaficeA should prove to be a profitable pulse option and offer good opportunities 
for growers in the medium to high rainfall regions of WA and other chickpea growing regions 
across Australia. 
BACKGROUND 
Ascochyta blight, caused by Ascochyta rabiei, has caused widespread yield losses in chickpea in 
Australia and a rapid decline in the area of production.  The Australian chickpea industry is largely 
based on desi chickpea, however there is a potential to increase the area of production of Kabuli 
chickpea to 200,000 ha with the availability of disease resistant varieties.  We developed strategic 
international collaborations (with ICARDA, Syria and AARI, Turkey) in order to fast track improved, 
ascochyta blight resistant crossbred lines with improved seed yield and quality.  Lines were selected 
from the world’s major Kabuli chickpea improvement programs which were likely to be well adapted to 
Australian conditions.  Two new varieties, AlmazA and NaficeA were released as a result of this 
research in 2005 and seed was available to growers for the 2006 growing season.  One other line has 
also shown promising seed yield, seed size and ascochyta resistance and requires further evaluation 
across Australia.  National Variety Testing (NVT) trials for Kabuli chickpea are not located in WA, 
therefore the trials described in this paper were undertaken to complement interstate activities and 
provide regional information on these lines/varieties. 
AIMS 
• To compare ascochyta blight reaction of new Kabuli chickpea varieties with commercial 
standards. 
• To evaluate seed yield and seed quality (size and colour) of new Kabuli chickpea varieties and 
breeding lines in WA. 
METHOD 
AlmazA, NaficeA, S98167-CLIMAS and FLIP97-657-CLIMAS were included in a chickpea disease 
nursery at Medina in 2006 to assess their reaction to ascochyta blight.  Single row plots (three 
replicates) were sown on 22 May.  Ascochyta blight was incited by inoculating seedlings with infected 
stubble and spread assisted by overhead irrigation.  Plots were visually scored for ascochyta blight 
reaction on 24 August.  Ascochyta blight was scored on a scale of 0 to 9, where 0 = no disease to 
9 = all plants dead. 
Field trials were planned for four sites (Bolgart, Dongara, Mingenew and Boyup Brook) with four 
varieties/breeding lines (AlmazA, NaficeA, S98167-CLIMAS and FLIP97-657-CLIMAS).  Plots (1.8 m 
wide by 20 m) were sown with four replications.  A preventative application of fungicide was applied 
14 August and 9 October (1.8 L/ha chlorothalonil) at Bolgart and 10 August (1.5 L/ha chlorothalonil) at 
Dongara.  No fungicide was applied at Boyup Brook.  Plots were machine harvested to determine 
seed yield at maturity.  Seed quality measurements, including seed size, seed size distribution and 
colour, were not complete at the time of writing. 
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RESULTS AND DISCUSSION 
Ascochyta blight infection was severe at Medina in 2006 and most control plots of Heera were dead at 
the time of scoring (Table 1).  AlmazA and NaficeA exhibited moderate resistance to ascochyta blight 
compared to Heera (susceptible) and Sonali (moderately susceptible).  The breeding lines 
FLIP97-657-CLIMAS and S98167-CLIMAS showed greater disease resistance than AlmazA and 
NaficeA. 
Mean yields of the trials exceeded 1200 kg/ha at Bolgart and Boyup Brook despite the difficult growing 
season conditions (Table 1).  Bolgart and Boyup Brook received only 54% and 63% of the long term 
average growing season rainfall (May to October), respectively.  Two trials planned for the northern 
agricultural area were abandoned; the Mingenew site due to inadequate moisture for sowing and the 
Dongara site due to inadequate moisture through the winter period (38% of long term average).   
Chickpea should always be sown according to the integrated crop production recommendations.  
Varieties with moderate resistance to ascochyta blight may require two strategic fungicide sprays 
(chlorothalonil 720 g/L applied at 1.0-2.0 L/ha) to assist in disease management under WA conditions.  
The first early prophylactic application is recommended four weeks after emergence to contain the 
spread of disease caused by wind blown spores from last year’s stubble, seed borne infections or 
infected trash that has been carried into the paddock, and a second spray should be applied at full 
flowering to protect the developing pods and minimise the risk of reduced quality.  A third spray may 
be required during pod filling if ascochyta blight becomes evident in the canopy during podding.  
AlmazA and NaficeA should prove to be a profitable pulse option and offer good opportunities for 
growers in the medium to high rainfall regions of WA where large seed sizes are likely to be attained.  
Although varietal differences influence seed size, large seeds are more likely to be produced in areas 
with 400-700 mm annual rainfall, deep fertile soils and mild spring conditions favourable to seed filling.  
The varieties are protected by Plant Breeders Rights (PBR) and seed is available through COGGO 
Seeds. 
Table 1. Ascochyta blight (AB) rating at Medina, and seed yield of Kabuli chickpea varieties/lines at 
Bolgart and Boyup Brook, 2006 (sowing dates in parentheses) 
Medina Bolgart Boyup Brook 
Variety/line 
AB (1 July) (31 May) 
AlmazA 5.2 1459 1475 
NaficeA 5.0 1428 1315 
FLIP97-657-CLIMAS 3.2 1561 1037 
S98167-CLIMAS 3.5 1670 1119 
Genesis 090 4.5 - - 
Heera 8.3 - - 
Sonali 6.3 - - 
Mean - 1529 1236 
lsd 5% - 304 251 
cv% - 13 14 
KEY WORDS 
chickpea, Kabuli, ascochyta blight 
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Pulse WA Chickpea Industry Survey 2006 
Mark Seymour1, Ian Pritchard1, Wayne Parker1 and Alan Meldrum2,  1Department 
of Agriculture and Food, Western Australia,  2Pulse Australia 
BACKGROUND 
Production of Desi chickpeas in Western Australia commenced on a wide scale basis in 1995.  The 
area planted climbed to a high of 83,000 hectares in 1999. 
Ascochyta Blight (AB) was first detected in 1999 after appearing in the eastern states in 1998.  This 
highly virulent disease spread throughout WA in 1999.  None of the varieties grown at the time had 
any tolerance to the disease. 
Despite high prices for chickpeas, $500+, at the time, growers had dropped chickpeas from their 
rotations completely by 2001.  This was most likely due to the high cost of disease control both in 
terms of management and fungicide cost.  In addition, the drought of 2002 forced many growers to 
increase cereal plantings at the expense of legumes to maintain cash flows.  Plantings of chickpeas 
since 2001 have been less than 10,000 ha. 
Breeding for chickpea Ascochyta Blight (AB) tolerance/resistance has resulted in three varieties being 
available to growers in 2006. 
• Sonali − Released in 2004 by Tanveer Khan, DAWA.  Moderate tolerance to AB (Rated a 6).  
Average grain quality and suited to low rainfall areas. 
• Rupali – Released in 2004 by Tanveer Khan, DAWA.  Moderate tolerance to AB (Rated a 6) 
with better grain size and colour than Sonali, but yield challenged. 
• Genesis 836 – Released by Kristy Hobson, Vic DPI.  Good tolerance to AB (Rated a 5) with 
seed quality similar to Sonali, suited to the medium rainfall areas. 
Seed quantities of Genesis 836 is likely to exceed 60 tonnes in 2007.   Purchasers of seed are likely to 
be in bulkup mode for possibly two seasons with commercial quantities unlikely before 2008. 
A survey of growers, agricultural consultants and agronomists attitudes toward chickpea growing and 
management in the WA wheatbelt was conducted early in 2006. 
SURVEY OBJECTIVES. 
• To understand growers perceived value of sowing chickpeas.  What niche do they fill and their 
current perceptions of chickpeas in relation to yield, rotation value, etc. 
• To understand the nature of the barriers to the planting of chickpeas. 
• To obtain growers attitudes towards the agronomic components of the chickpea management 
package, with the view of developing chickpea varieties which can be grown by growers in the 
Western Australia wheatbelt using their favoured management package. 
SURVEY DETAILS 
The survey was conducted in the Autumn of 2006.  Approximately 100 farmers were contacted in the 
medium to low rainfall zones of the northern and central agricultural regions.  Thirty per cent of those 
sent the survey responded, perhaps a reflection of how the season was not developing and or a 
general negative feeling towards the crop and surveys.  Once it became evident in early June that the 
season was going to be particularly dry and late no further attempt was made to contact additional 
farmers or retrieve so called ‘completed’ surveys. 
SUMMARY OF RESULTS 
• Most farmers had cropping (cereal) as their main enterprise – 5 year average wheat yields 
ranged from 1.0 to 3.2 t/ha, on average 2.0 t/ha. 
• Farmers considered 50% of their total farm area to be suitable for growing pulses, 33% of their 
total farm area suitable for growing chickpea. 
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• 87% of growers had experience growing chickpeas only 13% had never grown chickpeas.  As of 
the start of the 2006 season only 9% of all growers are still growing them, 78% of all growers no 
longer grow chickpeas, stopping in the years after chickpea AB arrived in WA. 
• 65% of growers will not be growing desi chickpea in 2007. 
• In 2008 35% of all growers are planning to grow chickpea, 39% are planning not to grow 
chickpea and 26% are undecided. 
• The majority of farmers indicated very positive attitudes to the rotation value of chickpea, they 
consider chickpea as a diseases break crop for cereals and provide nitrogen for the following 
cereal crop. 
• The obstacles or issues preventing farmers growing chickpea or are a major concern for 
farmers are, in order of importance: 
   (i) Chickpea AB and associated management – timing of fungicide sprays, number of 
fungicide sprays, cost of fungicide sprays and subsequent crop risk. 
  (ii) Low yields, variable yields and lack of adaptation to environment of chickpea varieties – 
farmers want (need) to achieve average chickpea yields over 1.0 to 1.2 t/ha reliably. 
 (iii) Management/agronomy – harvesting, weed control and to a lesser extent insect (native 
budworm) control. 
• Isolating this year’s chickpea crop from previous chickpea paddocks was not considered a 
major problem by farmers. 
• The majority of farmers indicated that they would not apply more than two fungicide sprays for 
the control of chickpea AB regardless of yield potential, application cost or grain value. 
• In the timing of fungicide sprays the least preferred timing for a single fungicide application was 
at flowering for a two spray regime the least preferred timing is 7-10 weeks after emergence and 
again at flowering. 
• Farmers expect to receive over $350/t for chickpea (Desi) grain. 
• Chickpea crops cost from $115-250/ha to grow (average $183/ha) – 50% of farmers were 
unable to answer this question. 
• 50 to 60% of farmers who have previously grown chickpea would recommence growing 
chickpea by 2009 subject to the release of chickpea varieties with an AB resistance of 3 or less. 
• Farmers will rapidly adopt new chickpea varieties with an AB resistance of 3 or less. 
A complete set of results may be obtained by contacting Ian Pritchard. 
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Genes from the wild as a valuable genetic resource 
for chickpea improvement 
Heather Clarke1, Helen Bowers1 and Kadambot Siddique2,  1Centre for Legumes 
in Mediterranean Agriculture,  2Institute of Agriculture, The University of Western 
Australia 
KEY MESSAGES 
• Cultivated chickpea has been highly selected and lacks a wide range of genetic diversity. 
• Cicer species, related to chickpea, grow in a diverse range of habitats and climates. 
• Some Cicer species are resistant to ascochyta blight and other diseases, some are cold 
tolerant, some are resistant to insects.  These wild Cicer sp. are generally more diverse than 
chickpea. 
• Distant relatives cannot be crossed using conventional hybridisation methods in the glasshouse. 
• New tissue culture and embryo rescue technology can facilitate these wide crosses in chickpea. 
BACKGROUND AND AIMS 
Cultivated chickpea belongs to the species Cicer arietinum.  The species has no known wild 
populations, so chickpea’s closest wild relatives are among other species within the genus Cicer.  In 
order to create improved chickpea cultivars which express multiple disease and abiotic stress 
resistance, it is necessary to access a large gene pool.  Many attempts have been made worldwide to 
introgress genes from wild Cicer into the cultivar with limited success.  Only two annual Cicer species, 
C. reticulatum and C. echinospermum, are easily hybridised with chickpea using conventional crossing 
methods.  The other six annual species and a large number of perennial species remain an 
inaccessible source of genes for chickpea improvement.  To tackle this problem, an international 
collaboration was established between CLIMA, the Crop Development Centre at the University of 
Saskatchewan, Canada and the International Crops Research Institute for the Semi Arid Tropics 
(ICRISAT), India. 
RESULTS 
The collaborative project has generated hybrids between cultivated chickpea and accessions of 
C. bijugum, C. pinnatifidum and C. judaicum.  This achievement was made possible using in vitro 
technology to rescue immature seeds to tissue culture in the laboratory before they abort from the 
mother plant in the glasshouse.  Without rescue, most hybrids of C. pinnatifidum and C. judaicum 
abort from the mother plant 14-21 days after pollination, whereas C. bijugum abort as early as seven 
days.  Transfer of techniques, developed at ICRISAT, India, has enabled the successful rescue in vitro 
of 14 day old hybrids between several Australian cultivars and C. pinnatifidum at CLIMA.  The 
international collaboration has further developed techniques and complex media for the rescue of very 
immature hybrids between chickpea and C. bijugum.  Hybridity of in vitro plantlets has been confirmed 
using DNA technology. 
Detailed microscopic studies of embryo development in immature seeds, comparing the normal 
development of selfed chickpea seeds with hybrids, identified barriers to chickpea x C. bijugum hybrid 
seed development for the first time.  This research helped to identify the best timing to rescue hybrids 
from the mother plant, as well as providing useful information about embryo development.  We also 
apply plant growth regulators to the flower buds at pollination to promote pod set and to maintain the 
hybrid pod on the mother plant as long as possible before rescue. 
FUTURE DIRECTIONS 
A robust system is required to enable breeders to incorporate wide crosses in their chickpea 
improvement programmes.  This project continues to develop reliable protocols which can be applied 
to any chickpea cultivars for wide crosses.  A high incidence of albino progeny, and recalcitrance to 
rooting in hybrid plantlets in vitro, are two major factors limiting our success in transferring large  
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numbers of plantlets from controlled conditions in the laboratory to pots in the glasshouse.  We are 
currently examining the causes.  In the future, we will also quantify pollen viability and fertility of the 
flowers of hybrid plants; and investigate the chromosome arrangements of the new hybrids. 
 
Figure 1. Test Tube Babies:  Tissue culture technology is used to rescue chickpea embryos in the lab 
before the very immature hybrid seed aborts from the mother plant. 
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International screening of chickpea for resistance to 
Botrytis grey mould 
B. MacLeod1, Dr T. Khan1, Prof. K.H.M. Siddique2 and Dr A. Bakr3,  1Department 
of Agriculture and Food, Western Australia,  2The University of Western Australia,  
3Bangladesh Agricultural Research Institute 
KEY MESSAGES 
• Screening demonstrated variability in reaction of chickpea germplasm to BGM.  Lines were 
identified which consistently showed less BGM in the high disease pressure situations of the 
sites in Bangladesh. 
AIMS 
Botrytis Grey Mould (BGM) of chickpea is caused by Botrytis cinerea.  Serious epidemics of BGM 
occurred in desi and Kabuli chickpea crops during 1997 and 1998.  However, the following season, 
1999, was the first season that ascochyta blight (Ascochyta rabiei) occurred in WA crops.  Since 2000 
BGM has been observed infrequently in all chickpea growing areas in Australia, probably due to a 
combination of the drier seasons and extensive fungicide spraying for ascochyta blight control.  With 
the release of ascochyta blight resistant varieties of chickpea, and the associated reduction in 
fungicide sprays, BGM may again become a problem in the northern agricultural region during 
favourable seasons. 
Therefore the aim of this work was to identify sources of BGM resistance in germplasm from chickpea 
breeding programs in Australia, India and Bangladesh at two BGM disease hot spots in Bangladesh. 
METHOD 
Since the occurrence of Ascochyta blight in WA, it has become impossible to do BGM field screening 
of germplasm without the risk of an outbreak of Ascochyta in the trial.  This problem was overcome 
through a collaborative project with Bangladesh funded by the Australian Centre for International 
Agricultural Research (ACIAR).  Bangladesh is an ideal partner in this project as Bangladesh does not 
suffer epidemics of ascochyta blight, and BGM occurs in chickpea crops annually and often these 
outbreaks are severe.   
Field screening to identify chickpea lines with useful levels of resistance to BGM was conducted in 
Bangladesh over four seasons.  Nearly 500 genotypes were screened in 2002-03, 208 in 2003-04, 
200 in 2004-05 and 281 in 2005-06.  From the second season onwards, entries in both screening 
nurseries comprised promising selections from the previous season and new entries supplied from all 
project partners.  Screening was conducted at two locations, Jessore under natural levels of BGM 
infestation, and at Ishurdi where mist spraying was used to enhance the disease.  However, B. cinerea 
spore inoculum was sprayed onto the field screening nurseries in the latter two seasons to further 
enhance the disease expression. 
RESULTS 
There were clear differences in reaction to BGM, as measured on a 0-9 rating scale (0 = no BGM 
symptoms, 9 = all plants dead), at each location in all seasons.  Apart from the first season, there was 
a reasonable correlation (negative) between disease score and seed yield.  Some lines with moderate 
levels of resistance were identified with a consistent reaction across sites and seasons, such as the 
Australian variety Genesis 836 screened as ICCV96836 (Table 1).   
CONCLUSION 
There results indicate that breeding chickpea varieties with resistance to BGM is possible; however 
there is no major sources of resistance which can readily be incorporated.  Additionally, results from 
an associated study of the pathogen, B. cinerea, showed that it is also highly variable with broad 
adaptive potential, therefore improved varieties will need to be used as a component of an integrated 
management production system to maximise the effectiveness of their resistance. 
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Table 1. Comparison of Botrytis grey mould disease reactions and yield data for selected genotypes 
Fover 3 seasons at Ishurdi and Jessore in Bangladesh (yield data was not recorded at Ishurdi 



























Amethyst 5 102.5 5.1 70.2 93.0 
CDC Desiray 5.5 126.5 5 71.7 56.5 
FLIP93-182C 4.5 55.7 * 103.7 10.3 
FLIP94-030C 5.5 91.0 5.4 36.2 37.8 
FLIP94-088C 3 101.5 5 60.7 * 
FLIP94-089C 2.5 26.5 * * 20.0 
FLIP95-053C 5.5 92.9 5 49.4 * 
FLIP97-503  * * 6.6 35.2 * 
FLIP97-530  * * 5 56.5 37.1 
FLIP97-537D  * * 5.9 29.8 * 
FLIP97-540C 2.5 18.0 * * * 
FLIP97-565C 3.5 86.6 5.5 93.9 * 
FLIP97-591C 4.5 39.3 * * * 
FLIP97-656C 4.5 61.5 5 40.0 * 
FLIP97-657C 3.5 55.5 4.8 50.5 43.7 
FLIP97-695  * * 5.6 58.8 19.3 
Howzat 5 87.7 4.6 56.2 45.7 
ICCV96836 4.5 123.4 4.1 125.0 84.5 
Jimbour 5 48.1 4.5 60.0 53.7 
Paidar 91 * * 4.2 86.0 100.2 
Sona*98PBC4017 6.5 96.1 5.1 101.1 * 
Sona*98PBC4019 5 105.0 5.2 67.2 58.4 
Tyson-1-35RS2 7 112.8 5.1 64.3 48.1 
WACPE2075 5.5 123.8 4.6 86.3 43.7 
WACPE2078  * * 4.8 102.4 * 
WACPE2095 6 74.1 5.1 85.0 83.3 
WACPE2098 4.5 56.0 5.6 48.6 * 
* Entry not assessed in the site or year identified. 
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Botrytis grey mould, chickpea, disease screening 
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Balance® in chickpea is safest applied post sowing to 
a level seed bed 
Wayne Parker, Department of Agriculture and Food, Western Australia 
KEY MESSAGES 
• Balance® must be applied after sowing to a level seed bed, before the emergence of the crop.  If 
applied to an uneven or furrowed seed bed rainfall can wash the herbicide into the bottom of 
furrows where it concentrates and causes damage to the crop.  With appropriate application 
crop damage can be avoided. 
BACKGROUND 
Chickpea, regardless of variety, has low tolerance to post emergent broadleaf herbicides.  As a result 
there are limited herbicides available to kill broadleaf weeds in crop without reducing crop yield.  
Balance® was released in 2000 for broadleaf control in chickpea.  This coincided with the year many 
growers stopped growing chickpea.  As a result most are unfamiliar with the nuances of the herbicide. 
Balance® is applied post sowing pre-emergent application onto a level seed bed.  It is a soil residual 
herbicide targeting broadleaf weeds during emergence and for several weeks after application.  It 
offers opportunity to target broadleaf weeds during emergence.  If applied correctly there is minimal 
harm to the emerging crop.  
Soil moisture is required to breakdown Balance®.  The by products of the breakdown are the active 
constituents against the germinating weed.  Other broadleaf herbicides registered for broadleaf control 
in chickpea include simazine, metribuzin and diuron.  Simazine remains an effective pre sowing 
herbicide.  Metribuzin and diuron are safe post sowing pre-emergent herbicides for control of broadleaf 
weeds provided soil conditions are ideal.  
This demonstration aimed to highlight the extreme best and worst practice in applying Balance®.  Best 
practice involves applying Balance® post sowing, pre-emergent onto a level seed bed.  This gives 
good, consistent coverage to the soil surface and is less likely to form over concentrated bands.  
Worst practice is applying post sowing on a furrowed seed bed.  This allows herbicide to be washed 
from the surface of the ridge and converge in the furrow. 
METHOD 
This demonstration was sown on the Mingenew Irwin Group Heavyland trial site 15 km east of 
Mingenew.  The trial was arranged in four replicates of randomised complete blocks.  Treatments were 
factorialised with two times of Balance® application, two chickpea varieties and two soil treatments. 
Genesis 836 and Genesis 510 were sown leaving one of two soil treatments, furrowed or levelled.  
Herbicide was applied at 100g/ha either before sowing or post sowing pre-emergent.  
RESULTS 
Table 1. Mean yield (kg/ha) adjusted for spatial trends, with the eight treatments – two timings of 
herbicide application by two soil preparations by two varieties 
Herbicide Application Timing Pre sowing Post sowing 
Soil surface level Furrowed Level Furrowed Level 
Genesis 510 422 441 388 509 
Variety 
Genesis 836 404 428 355 506 
5% lsd = 93 
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CONCLUSION 
• In this demonstration highest yield was achieved when applying Balance® to a level seed bed 
after sowing which is the registered method for its use. 
• Balance applied post sowing to a furrowed surface significantly reduces yield.  Balance should 
not be applied in this manner. 
• Differences in yield between varieties was not significant.  This trial did not indicate either 
variety to be more or less susceptible to Balance® than the other.  
• Yield response to pre sowing application was less than post sowing pre emergent application.  
This is because of the levels of herbicide in contact with the emerging chickpea.  Of the two 
timing of application options there will be a greater level of Balance in contact with the plant if 
applied pre-sowing, regardless of post sowing soil preparation.  As a result pre sowing 
application was not the highest yielding treatment in the trial.  Balance applied post sowing to a 
furrowed seedbed exposes the chickpea to the highest concentration of herbicide.  Applied post 
sowing to a level seedbed exposes the chickpea to the lowest concentration of herbicide.  
KEY WORDS 
chickpea, Balance®, seedbed 
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Demonstrations of Genesis 510 chickpea 
Wayne Parker, Department of Agriculture and Food, Western Australia 
KEY MESSAGES 
• Genesis 510 offers the highest level of ascochyta tolerance of all released varieties.  Effective 
control of ascochyta can be achieved with one fungicide application. 
AIMS 
The aim of the demonstrations of chickpea in 2006 was to highlight the disease resistance and 
agronomic traits of the most recent releases Genesis 836 and Genesis 510. 
For chickpea to be grown profitably varieties must have a high level of ascochyta tolerance under 
Western Australian growing conditions.  Genesis 510 offers the highest level of ascochyta tolerance of 
all released varieties.  Initial analysis has been conducted under Victorian conditions, a long season, 
cool, moist environment, ideal for the spread of ascochyta.  Under these conditions effective control 
has been obtained from one fungicide application.  Requiring only one fungicide application allows 
chickpea to be a profitable crop.  Risk associated with growing the crop also decreases with increasing 
level of resistance.  Lower risk and improved profitability are both attractive features to growers.  
Seed was supplied to six growers that they might sow small plots using full size machinery then 
receive assistance in disease, insect and weed management.  With the seed was supplied an 
appropriate amount of the granulated, dry, inoculant ALOSCA.  This enabled the demonstrations to be 
sown dry, in most cases before the wheat, without threat of poor nodulation.  The following 
observations were made throughout a difficult season. 
Table 1. Description of chickpea demonstration – Mingenew 
Site Doug Parker, Pri-inga, Michael’s Road, Mingenew 
Treatments Genesis 510, Genesis 836, Cassab 
Soil type Red clay loam 
Sowing date 22 May 
Seeding rate 98 kg/ha 
Comments Sown dry into a dry soil, emerged late in July, less than 25 plants per m2.  Unable to 
harvest, not enough to fill comb front and feed the broad elevator. 
Table 2. Description of chickpea demonstration – Mingenew 
Site Jane and Perry Kuene, Raymar, East Ajana 
Treatments Genesis 510, Genesis 836, Sona 
Soil type Red loam 
Sowing date 28 April 
Seeding rate 100 kg/ha 
Comments Sown at a depth of 10 cm, into a moist soil profile filled by summer thunderstorms.  
Emergence was staggered as sowing depth was inconsistent across the bar through an 
uneven paddock surface.  Managed to harvest 600 kg/ha of Sona, this the result of 
combined inactive of soil herbicides and poor in season rainfall. 
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Table 3. Description of chickpea demonstration – Mingenew 
Site Gary North, North’s Road, East Pintharuka 
Treatments Genesis 510 
Soil type Red clay 
Sowing date 13 May 
Seeding rate 100 kg/ha 
Comments Sown without a breaking rain deep, 10 cm and deeper in places.  Parts of each plot 
managed to get onto moisture, hence a staggered germination, those on moisture were 
out of the ground before the break of the season and surviving well on the stored 
moisture from summer thunderstorms.  Parts of the plots were good enough to warrant an 
insecticide to knock off bud worm.  A shower of hail smashed the crop after it had 
reached maturity, estimates of crop yield were taken using 0.1 m2 quadrats, counting the 
seed on the soil surface, this gave results of between 50 kg/ha and 500 kg/ha. 
Table 4. Description of chickpea demonstration – Mullewa 
Site John and Steve Rowe, Mullewa Mingenew Road, Wongoondy 
Treatments Genesis 510 and Genesis 836 
Soil type Red loam 
Sowing date 15 May 
Seeding rate 106 kg/ha 
Comments Sown dry with moisture at 55 cm which was never linked up with moisture from 
subsequent rainfall.  The crop was late emerging, plant density was not above 
20 plants/m2.  Had a lot of volunteer wheat to compete with as it flowered, trial was 
unharvestable. 
Table 5. Description of chickpea demonstration – Wubin 
Site Rob Nankivell, Gunyidi Wubin Road, Wubin 
Treatments Replicated plots of Genesis 510, Genesis 836, Genesis 90 and Sona 
Soil type Brown loamy duplex 
Sowing date 31 May 
Seeding rate 100 kg/ha 
Comments Sown into marginal moisture as there had not been a significant break.  Resulted in poor 
emergence with less than 20 plants per m2.  This combined with high number of broadleaf 
weeds and the trial was crop topped before weed seed set, not able to be harvested prior 
to final spray top. 
Table 6. Description of chickpea demonstration – Yandanooka 
Site David and Justin Bagley, Yadanooka Melara Road, Yandanooka 
Treatments Genesis 836, Genesis 510 
Soil type Crumbling brown clay 
Sowing date 23 May 
Seeding rate 100 kg/ha 
Comments Demonstration was sown on less than 10 mm of rainfall.  Emergence was poor with a 
strong grass presence obvious later in the season.  Grass has out competed the chickpea 
for moisture and chickpea was not able to be harvested.  They were threatening to put the 
sheep in to graze the weeds out which did not eventuate. 
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Field pea 2006 
Ian Pritchard, Department of Agriculture and Food, Western Australia 
IN REVIEW 
2006 saw the DAFWA Pulse Agronomy Project team genuinely excited about the prospects for field 
pea as it was generally anticipated that field pea for the first time would exceed 100,000 hectares in 
Western Australia.  2006 would also see for the first time the wide spread evaluation of two new 
promising field pea lines WAPEA 2211 a recognised Blackspot tolerant line and WAPEA2213 a very 
early flowering Kaspa type. 
Alas the 2006 season for the WA grainbelt was not to be, with a very late start followed by one of the 
driest seasons on record.  As a result many cropping programs which included field peas were 
curtailed such that the area of field peas remained at 70-80,000 hectares.  Pleasingly however many 
growers had good experiences with Kaspa in 2006 with many crops yielding between 1.2 and 1.8 t/ha, 
even though it was one of the toughest years on record.  It was also pleasing that the 2006 field pea 
harvest appeared to run as smoothly and efficiently as ‘other’ crops.  In the last two seasons in 
particular considerable investment has been made into supplying growers with ‘how to’ information on 
successfully swathing and harvesting semi-leafless field peas. 
Not only was the 2006 season challenging for growers but also for research officers, with a number of 
trials planned for 2006 not sown hoping for a better 2007 and a number of sown trials having to be 
repeated in 2007 due to the very poor season. 
Included in the following pages are summaries of the research and extension efforts by many 
organisations and projects, all with the same aim - to establish a sustainable and substantial field pea 
industry in WA. 
FOCUS ON FIELD PEAS 2006 EXTENSION ACTIVITIES 
The season, or the actual lack of it, also had a considerable impact on the planned extension activities 
for 2006.  The 2006 season was the third season of the focus on field pea campaign and it was 
planned to continue on previous years work.  The season however dictated that more emphasis was 
placed on 2006 seasonal issues.  It is pleasing to note however that the 2006 season has not reduced 
the renewed interest and enthusiasm for the new semi leafless field pea varieties like Kaspa. 
In February a concurrent presentation was given at the 2006 Agribusiness Crop Updates titled – 
‘Highlights of Pulse Research in 2005’ presented by Ian Pritchard, Pulse extension Officer, DAFWA.  
During February and March Pulse Agronomy project members gave presentations at the Esperance, 
Merredin, Narembeen, Katanning and Geraldton regional crop updates. 
In the April of 2006 a technical update session was provided for Elders agronomists. 
2006 saw the continuation of producing and releasing technical information on semi leafless field peas 
and information on overcoming barriers to the adoption of field peas: 
• Farmnote No. 105 ‘Swathing semi-leafless field pea’ − observations and machinery 
setup/modifications from growers swathing Kaspa. 
• Farmnote No. 144 ‘A visual guide to key stages in the growth and maturity of field pea’ – to aid 
growers in determining the appropriate timing for the application of herbicides, croptopping, 
swathing and harvest. 
Eight articles were produced for a seasonal column ‘Focus on Field pea’ within the Farm Weekly 
Newspaper commencing on 4 May and finishing on 7 September.  Article content concentrated on 
important agronomic information for field pea production, positive solutions to perceived problem 
issues in field pea production and 2006 seasonal issues/results.  The publication of the articles was 
timed to coincide with the relevant time of season.  The articles were released as press releases which 
were subsequently used by rural papers Statewide; on a number of occasions stories achieved 
blanket coverage in the rural press and were picked up by the Countryman paper.  The articles were 
also used for local Department of Agriculture and Food Ag-memo articles and Grain Legume News 
articles. 
Agribusiness Crop Updates 2007 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
92 
Eleven radio interviews were undertaken with Radio West Network − Rural Focus with Vin Dawes 
commencing in May and finishing in September.  The interview topics were based on either the soon 
to be published column article within the Farm Weekly or current seasonal issues giving blanket 
coverage to the rural community.  ABC breakfast sessions and country hour picked up various stories 
through out the year. 
A new CD and DVD were produced – ‘Swathing and Harvesting Semi-leafless Field Pea’ in time for 
the Dowerin Machinery Field Days and the Spring field day season.  Following the release in 2005 of 
the ‘Successfully harvesting semi-leafless field peas’ CD.  The new CD and DVD now also 
incorporates information on swathing and visual guides on field pea/weed maturity.  AWB Seeds Ltd 
purchased 400 copies of the DVD to distribute in Eastern Australia. 
Pulse project members attended numerous spring field days/walks from Mullewa/Mingenew in the 
north of the State to Scaddan in the south of the State.  The focus for many of these field days/walks 
was the performance/harvesting of new semi-leafless varieties like Kaspa in the various rainfall zones. 
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Field pea variety evaluation 
Kerry Regan1, Rod Hunter1, Tanveer Khan1,2 and Jenny Garlinge1,  1Department 
of Agriculture and Food, Western Australia,  2CLIMA, The University of Western 
Australia 
KEY MESSAGES 
• Bundi, white seed type, and Helena, dun seed-type, were the highest ranking field pea varieties 
in 2006. 
• Greater emphasis on semi-leafless, semi-dwarf dun-seed type field pea types with pod shatter 
resistance is clearly visible in the breeding lines being promoted to CVT/NVT trials.  
• Advanced breeding lines (e.g. OZP0601 and OZP0602) with earlier flowering than Kaspa are 
showing excellent potential for shorter season and low rainfall regions of WA. 
AIMS 
• To evaluate the yield potential of field pea varieties and pre-release lines across a range of 
regional environments in WA. 
• To identify specific environments that field pea varieties and pre-release lines are best targeted. 
METHOD 
Field pea varieties and advanced breeding lines were evaluated for yield at 10 sites in 2006.  Five 
other sites were planned but unable to be included in this report.  The site at Mullewa was not planted 
due to poor moisture conditions at sowing, poor and variable yields were supplied from trials at 
Newdegate and Jacup.  Results from Bolgart and Katanning were not available at the time of writing.  
Evaluation included a range of semi-leafless (SL) and conventional trailing leaf type (C), white and dun 
seeded field pea varieties and lines.  Breeding lines included in the National Variety Testing (NVT) 
trials can be identified by their ‘OZP’ prefix followed by a series of four numbers indicating the year of 
promotion to NVT (‘06’ for 2006) and entry number (01 to 10).  Due to lack of seed supplies in 2006, 
OZP0604 was not included in this series of trials, and a number of other lines had insufficient supplies 
to be sown at more than one or two sites.  Trials were sown in field plots (generally 20 m long x 1.44 m 
wide) with three replications.  Plots were machine harvested to determine seed yield.  Yield was 
analysed using REML methods, but results presented here are from preliminary analysis. 
RESULTS AND DISCUSSION 
The growing season rainfall was below average at all sites, particularly during the winter period and in 
the northern cropping regions.  This resulted in some trials not sown (Mullewa), not harvested (Jacup) 
or producing poor and variable yields (Mingenew, Dalwallinu, Ardath and Newdegate).  On average, 
mean yields varied from 302 kg/ha at Newdegate (data not presented) to 1843 kg/ha at Kunjin 
(Table 1).  Broad varietal/breeding line comparisons were difficult in 2006 due to the lack of consistent 
entries across sites. 
Helena, Dunwa and Kaspa all performed well in 2006, but Kaspa was not as outstanding as last 
season.  Kaspa is relatively late flowering and generally considered more suited to medium rainfall 
longer season regions; conditions which were not experienced in WA during 2006.  The white seeded 
variety Bundi, which has early flowering but otherwise similar to Kaspa, performed extremely well in 
2006 across all sites, except Dalwallinu.  Many of the breeding lines ranked higher for yield than 
Kaspa.  Two new OZP lines (OZP0601 and OZP0602) performed well at Pingrup and Merredin.  They 
were also outstanding in field pea breeding trials (see section on “Breeding highlights of the Australian 
Field Pea Improvement Program”) and produced consistently high yields in interstate breeding trials 
(VIC, SA and NSW).  These two lines have similar characteristics to Kaspa (dun seed-type, semi-
leafless, semi-dwarf with pod shatter resistance), but earlier flowering and maturity and offer excellent 
alternatives to Kaspa in low rainfall and short season environments.  Breeding line 96-286*1-16 
performed well at Ardath, Scaddan, Pingrup and Merredin and has been identified to have good 
resistance to bacterial blight in 2006.  The line identified with improved blackspot resistance in 2004/05 
(WAPEA2211), performed relatively well at Dalwallinu and Scaddan, but generally produced about  
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10% less yield than Kaspa.  Generally, the dry conditions in 2006 were not favourable for 
WAPEA2211, which is later flowering than Kaspa.  An early flowering selection of Kaspa 
(WAPEA2213) produced an average mean seed yield similar to Kaspa. 
KEY WORDS 
field pea, Cultivar Variety Testing (CVT), National Variety Testing (NVT) 
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Table 1. Seed yields1 (% Kaspa) of field pea varieties and breeding lines in CVT/NVT 2006 (sowing date in parentheses) 

























Kaspa  SL Dun 841 481 523 607 844 1571 947 1365 1334 932 945 (10)3 
Bundi  SL White 113 138 65 105 120 119 119 111 137 131 116 (10) 
Dunwa  C Dun 101 105 89 83 98 112 105 103 104 100 100 (10) 
Helena  C Dun 115 115 89 92 109 116 117 91 110 110 106 (10) 
Moonlight  SL White 100 100 102 117 109 100 94 101 123 106 105 (10) 
Parafield  C Dun 100 86 89 100 102 112 104 83 96 101 97 (10) 
Sturt  SL White 106 96 94 108 125 106 112 83 106 96 103 (10) 
Yarrum SL Dun - 79 67 98 - 108 111 100 103 118 98 (8) 
WAPEA2211 SL Dun 83 60 129 85 75 114 88 96 83 87 90 (10) 
WAPEA2212 SL Dun - - - 95 - 121 112 103 - - 108 (4) 
WAPEA2213 SL Dun - - - 100 - 103 103 93 - - 100 (4) 
OZP0601 SL Dun - - - - - - 112 115 - - 114 (2) 
OZP0602 SL Dun - - - - - - 106 130 - - 118 (2) 
OZP0603 SL Dun - - - 86 - - 95 112 - - 98 (3) 
OZP0605 SL Dun - - - - - - 104 89 - - 97 (2) 
OZP0606 SL Dun - - - - - - 104 97 - - 100 (2) 
96-286*1-16 SL Dun - - - 105 - 144 103 109 - - 115 (4) 
01-511-7 SL Dun - - - - - 116 100 118 - - 112 (3) 
96-286*1-11 SL Dun - - - 93 - 141 - 102 - - 112 (3) 
01-227-20 SL White - - - - - - 110 108 - - 109 (2) 
97-033-1-6 SL Dun - - - - - - 109 - - - 109 (1) 
89-036*3-6 SL Dun - - 110 96 - - 109 99 117 - 106 (5) 
96-286*1-9 SL Dun - - - 97 - 128 96 103 - - 106 (4) 
96-286*1 SL Dun 107 81 - 85 107 114 - 117 93 120 103 (8) 
01-226-6 SL Dun - - - - - - 95 106 - - 101 (2) 
01-309-6 SL Dun - - - - - - 90 94 - - 92 (2) 
Mean site SY   846 447 499 590 863 1843 970 1431 1442 1029  
SED   47 50 61 83 65 132 63 184 70 84  
CV%   7 13 15 17 9 9 8 16 6 11  
1 Seed yield of Kaspa and mean site yield presented in kg/ha;  2 Leaf type:  C = conventional trailing type and SL = semi leafless;  3 Number of trials that the varieties was included in 2006.
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Breeding highlights of the Australian Field Pea 
Improvement Program (AFPIP) 
Kerry Regan1, Tanveer Khan1,2, Phillip Chambers1, Chris Veitch1, Stuart 
Morgan1 , Alan Harris1 and Tony Leonforte3,  1Department of Agriculture and Food, 
Western Australia,  2CLIMA, The University of Western Australia,  3Department off 
Primary Industries, Victoria 
KEY MESSAGES 
• Dunwa and Kaspa were the highest ranking varieties for yield with dun seed type. 
• The field pea lines OZP0601 and OZP0602 showed excellent yield potential in WA and were 
also consistent performers in Vic, SA and NSW. 
• OZP0601 and OZP0602 have similar characteristics to Kaspa, but earlier flowering and maturity 
and offer excellent alternatives to Kaspa in lower rainfall and short season environments. 
• Sturt and Bundi were the highest ranking varieties for yield with white seed type.  
• Some of the breeding lines with improved blackspot (WAPEA2211) and bacterial blight 
(96-286*1-16, 99-228*12 and 97-015*2-5) resistance are showing potential in advanced 
breeding trials. 
• Breeding progress is rapidly being made by incorporation of powdery mildew, PSbMV and 
BLRV virus resistance, and improved seedling tolerance to boron and salt. 
• Evaluating germplasm at an early breeding stage in WA assists to identify and capture adapted 
field pea lines suitable for the western region and other low rainfall regions across Australia that 
can be progressed towards commercial release.  
BACKGROUND 
Field pea breeding in Australia is undertaken by the Australian Field Pea Improvement Program 
(AFPIP), a sub-program of Pulse Breeding Australia (PBA).  The AFPIP sub-program is based at 
Horsham, Victoria (VIC) with collaborators in New South Wales (NSW), South Australia (SA) and 
Western Australia (WA).  The main objective of AFPIP is to expand the field pea industry in Australia 
through the development of new varieties with broad adaptation across Australia and also with 
suitable adaptation for specific production regions of Australia.  The first five years of this program is 
expected to have an increased focus on developing semi-leafless, dun type varieties with 
non-shattering pods (Kaspa ideotype) that will increase crop expansion and production in the more 
marginal soil and lower rainfall (< 350 mm annual) cropping environments within WA, SA, Victoria and 
NSW.  In these environments, field peas are often the best-adapted grain legume option. Western 
Australia is responsible for evaluating breeding lines being developed by the program, and 
undertaking a breeding and screening component for field pea blackspot resistance.  This summary 
describes the yield evaluation component of the research.  For a summary on blackspot resistance, 
see Khan et al. (2007) in this booklet. 
AIMS 
• To develop improved field pea varieties for Australia. 
• To identify breeding lines with improved and stable yield, appropriate phenology, lodging and 
pod shatter resistance at harvest and improved disease resistance in WA. 
METHOD 
Yield evaluation of field pea breeding lines included three series of trials, stage 1 (S1), stage 2 (S2) 
and stage 3 (S3) and range from early generation (S1) through to more advanced lines (S3).  Stage 1 
trials were located at six primary sites across Australia.  In WA, S1 trials were located at Merredin 
Research Station and included approximately 850 breeding lines and control varieties.  The S2 trials 
were located at Merredin, Pingrup and Scaddan and included 204 dun seed, 60 white seed and 120 
trailing type breeding lines.  The S3 trials were located at Merredin, Pingrup, Scaddan and Dalwallinu  
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and included 90 breeding lines and varieties of various seed and plant types.  The S3 trials include 
breeding lines entered in the National Variety Testing (NVT) trials, and can be identified by their ‘OZP’ 
prefixes (e.g. OZP0601).  The trials were sown in plots 1.2 m wide x 10 m long and machine harvested 
for yield and seed quality (mean seed weight and seed type).  Visual scores of emergence, early 
vigour, flowering, podding, maturity, lodging and agronomic type (selection) were made during the 
growing season.  The S2 and S3 trials were sown in replicated plots, but the S1 trials were 
unreplicated with grid controls.  Seed yields were analysed using REML methods.  Results of S2 trials 
were not available at the time of writing. 
RESULTS 
The growing season was exceptionally dry through much of the State, particularly during the May-July 
period and in the northern cropping regions.  Dalwallinu was the worst affected site with yields less 
than 500 kg/ha (not presented).  The trials at Merredin received about 60 mm of much needed rainfall 
in September, which provided enough moisture to carry crop growth through to maturity.  Despite the 
difficult weather experienced, yield performance across the other three sites was remarkably good 
(mean yield > 1200 kg/ha) demonstrating the robustness of field pea in adverse conditions. 
The mean yield of S1 trials was 1265 kg/ha (data not presented). Kaspa and Parafield averaged 1433 
and 1412 kg/ha, respectively.  The trials were quite variable (CV = 20-26%), but a number of breeding 
lines exhibited good yields and excellent agronomic characteristics.  Based on the yield, seed quality 
and visual scores from this and interstate trials, the most promising lines will be progressed to S2 
testing in 2007. 
Mean yields of S3 trials ranged from 1225 kg/ha at Scaddan to 1563 kg/ha at Pingrup (Table 1).  
Kaspa performed well again in 2006 despite the dry season, but a number of other varieties (Dunwa, 
Sturt and Bundi) and breeding lines also excelled.  In particular, OZP0601 (01-230-5) and OZP0602 
(01-256-10) showed excellent potential in WA and were also consistent performers in Victoria, SA and 
NSW in 2006.  Both of these lines have similar characteristics to Kaspa (dun seed-type, semi-leafless, 
semi-dwarf with pod shatter resistance), but earlier flowering and maturity.  Potentially, OZP0601 and 
OZP0602 offer excellent alternatives to Kaspa in lower rainfall and short season environments.  Seed 
production of these OZP lines commenced in 2006.  Superior new semi-dwarf dun type field pea 
varieties for WA will be available to growers by 2010. 
Sturt and Bundi produced the greatest yields of the white seeded field pea varieties.  Snowpeak and 
Moonlight did not perform well at any site in 2006.  Bundi (tested as 89-036*9-8) is an earlier flowering 
sister line of Kaspa, which was commercialised in 2005.  This variety is targeted for the mallee regions 
of Victoria, and has produced greater yields than Moonlight and Snowpeak in WA.  Sturt has a 
conventional trailing leaf type and has exhibited excellent yields and broad adaptation across southern 
Australia.  
DISCUSSION 
Breeding progress continues towards pyramiding desirable traits that will improve crop reliability and 
yield potential in lower rainfall environments.  In particular Kaspa type germplasm has been rapidly 
enhanced by incorporation of powdery mildew, PSbMV and BLRV virus resistance and improved 
seedling tolerance to boron and salt.  Germplasm with various levels of enhancement were in 
advanced levels of testing in 2006 and showing broad adaptation. 
Glasshouse screening (SA) together with field observations (NSW) in 2006 indicate that over 90% of 
S2 and S3 breeding lines have adequate levels of resistance to downy mildew and over 70% of early 
generation lines are completely resistant or are segregating for major gene resistance to powdery 
mildew.  Field screening for blackspot resistance was conducted under higher inoculum pressure 2006 
(WA) and identified several high yielding and broadly adapted lines (e.g. S2: 02-146-5 and 02-279-1, 
S3: 96-286-*1-11).  These lines showed relatively lower disease incidence in the canopy by podding 
stage.  The breeding line identified in 2004/05 with improved blackspot resistance (WAPEA2211) was 
included in S3 trials in 2006.  It has later flowering and maturity than Kaspa and was unable to 
capitalise in the short, dry season experienced.  
Agribusiness Crop Updates 2007 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
98 
Table 1. Leaf-type, flower colour, seed type and seed yield (as %Kaspa at each site and mean across 
sites) of some field pea varieties and breeding lines in S3 yield evaluation trials 2006 (sowing 
date in parentheses) 













Bundi SL W W 107 115 78 100 
Dunwa C P D 101 97 107 102 
Excel SL W B 80 55 65 66 
Helena C P D 96 94 88 92 
Kaspa SL Pi D 100 100 100 100 
Moonlight SL W W 87 79 79 82 
Parafield C P D 90 93 104 95 
Snowpeak SL W W 83 73 74 76 
Sturt C P W 99 100 104 101 
Yarrum SL P D 84 94 93 90 
OZP0601 (01-230-5) SL Pi D 110 114 101 108 
OZP0602 (01-256-10) SL Pi D 99 120 104 107 
OZP0603 (01-228-2) SL P/Pi D 99 96 106 100 
OZP0604 (01-269-6) SL Pi D 96 97 103 98 
OZP0605 (01-284-2) SL Pi D 86 92 128 102 
OZP0606 (97-031-6-6) SL P D 99 103 94 99 
97-031-6-10 SL P D 93 103 113 103 
01-032-8 SL P D 99 104 106 103 
97-031-6-3 SL P D 100 113 95 103 
96-286*1-16 SL P D 98 115 90 101 
01-136-3 SL Pi D 92 101 107 100 
97-031-6-M-Pi SL Pi D 89 105 105 100 
01-227-5 SL P/Pi D 81 104 113 99 
01-478-2 SL P D 102 113 81 99 
96P403-2 SL Pi D 93 87 116 99 
01-230-27 SL Pi D 85 113 97 98 
97-033-1-6 SL Pi D 91 109 94 98 
01-511-7 SL Pi D 84 102 107 98 
97-031-6-M-P SL P D 95 103 95 98 
01-309-6 SL P/Pi D 89 93 111 97 
01-230-14 SL W W 93 108 91 97 
96-286*1-9 SL P/Pi D 93 101 98 97 
01-246-13 SL P D 85 104 102 97 
01-255-5 SL P D 86 91 114 97 
01-019-6 SL P D 96 98 94 96 
01-227-20 SL W W 95 95 98 96 
01-255-7 SL P/W D 102 88 95 95 
01-253-13 SL Pi D 83 107 95 95 
97-015*2-8 SL P D 78 98 105 94 
97-015*2-5 SL Pi D 92 98 88 93 
WAPEA2211 (00P040-2) SL Pi D 79 83 94 85 
99-228*12 SL P D 84 63 94 80 
Kaspa yield (kg/ha)    1747 1328 1414  
Site mean (kg/ha)    1563 1225 1304  
lsd 5%    303 223 323  
CV%    10 9 13  
1 Leaf type:  C = conventional trailing type; SL = semi leafless. 
2 Flower colour:  P = purple; W = white; Pi = pink. 
3 Seed type:  D = dun; W = white and B = blue. 
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Screening for resistance to viral diseases in 2006 has identified advanced lines with improved 
resistance to Bean Leaf Roll Virus (BLRV) in the field (NSW) and resistant genotypes within 
segregating populations for resistance to Pea Seed Borne Mosaic Virus (PSbMV) in the glasshouse 
(NSW).  Superior resistance to bacterial blight (most likely pv syringae) has also been identified in field 
screening conducted in 2006 (Victoria and NSW).  Production of breeder's seed of the most promising 
lines has commenced over summer 2006/07 to fast track the release of superior varieties for areas 
prone to this disease.  One of these has also proven to be well adapted to WA (96-286*-1-16). 
Glasshouse screening (VIC) has identified desirable variation for boron tolerance and superior 
tolerance to salinity in unadapted germplasm.  A broadly adapted S2 breeding line with both high 
tolerance to boron and salt was also identified in 2006 (02-099-2) and will be evaluated further in 
2007. 
High yielding trailing type lines with superior pod shatter resistance at maturity will be promoted for 
further evaluation in 2007. 
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field pea, Australian Field Pea Improvement Program (AFPIP), Pulse Breeding Australia (PBA) 
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Field pea germplasm enhancement for black spot 
resistance 
Tanveer Khan, Kerry Regan, Stuart Morgan, Alan Harris and Phillip Chambers, 
Department of Agriculture and Food, Western Australia 
KEY MESSAGES 
• Incremental progress is being achieved in enhancement of field pea for black spot resistance in 
agronomically desirable lines. 
• More adapted resistant lines identified in this module will be incorporated in the National 
Breeding Program. 
• Release of a variety with enhanced black spot resistance is now a possibility in five to eight 
years. 
BACKGROUND 
Black spot, caused by Mycosphaerella pinodes, is the most important disease of field pea across 
southern Australia.  Attempts to develop resistant germplasm have been frustrated by both, the low 
level of resistance naturally available in the germplasm collections and the reliability of screening 
methods.  However, more than a decade of work in Western Australia has now given a glimmer of 
hope that a useful measure of resistance, in adapted varieties, is possible through a focussed 
program.  As a result the National Pea Breeding Program has based a black spot breeding module in 
WA. 
AIMS 
• To identify sources of resistance and develop parental lines for crossing. 
• To develop germplasm combining desirable agronomic characteristics with black spot 
resistance. 
• To contribute lines with good yield potential and resistance to black spot for trials by the 
National Program. 
METHODS 
Crosses are made in WA between agronomically suitable lines and sources of black spot resistance.  
Crossed populations are fast tracked to F4-F5 before selection under black spot epidemic.  Genetically 
stable lines are screened for resistance and agronomic desirability over two years before being 
advanced to yield trials.  This paper reports results from an advanced breeding trial of selected lines 
conducted at Bolgart, Dalwallinu, Pingrup and Merredin during 2006.  Black spot reactions from 2005 
and/or 2006 disease nurseries at Medina are also presented.  Trials were sown as follows, Bolgart 
29 June, Dalwallinu 31 May, Pingrup 27 June, Merredin 2 June.  Each trial had three replications and 
plot size was 1.2 m x 10 m.  As coefficient of variation (CV) for yield at Dalwallinu was unacceptably 
high (39%) these data were not used in the combined analysis.  The yields results from three sites, 
Bolgart (CV 21%), Pingrup (CV 19%) and Merredin (CV 16%), were used in the combined analysis.   
RESULTS 
The 2005 and 2006 disease nursery results show that all breeding lines had at least marginally more 
resistance than control varieties.  Breeding lines also showed desirable agronomic characteristics, with 
the exception of 99P916-1 and WAPEA2189.  Most lines were semi-leafless and eight lines showed 
better standing ability at maturity than Kaspa.  WAPEA2211 continued to show good yield potential 
and resistance, although its future is in doubt due to its susceptibility to downy mildew.  This line will 
continue in trials to assess its potential where downy mildew is unlikely to be a problem.  Apart from 
WAPEA2211 and 00P040-5, sugar pod characteristic has not been identified in any of the breeding 
lines. 
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CONCLUSIONS 
Although, at this stage, it is not possible to predict if any of this material will ever be released as a 
variety, some lines show potential for date of sowing trials to see if the degree of improvement in 
resistance achieved so far will allow earlier sowing of field pea. 
KEY WORDS 
pea, black spot, resistance, downy mildew, yield 
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Table 1. Flower colour (Fc, w white, p purple, pk pink), leaf type (Lt, S semi-leafless, N normal), 
development score (Dv, 0-9, 0 no flowering, 3 flowering, 4 pod initiation, 9 fully developed 
seed), maturity score (Ms, 1-9, 1 earliest maturing), agronomic desirability (Agr, 0-3, 3 most 
desirable), standing ability (Sta, 1-9, 1 totally lodged and 9 all plants upright), mean of yield in 
kg per ha across Bolgart, Pingrup and Merredin (Overall), 100 seed weight in grams at Bolgart 
(100 SW), seed type, black spot reaction in 2005 (Bs05) at Medina and black spot reaction in 
2006 (Bs06) at Medina in selected breeding lines and controls 
Line/variety Fc Lt Ds Ms Agr Sta Overallyield 
100 
SW Seed type Bs05 Bs06 
00P021-1 w S 2 7 3 6 1699 17.6 blue   
00P021-5 p S 0 7 2.5 6 1539 20.5 dun 5.0 5.8 
00P021-9 p S 0 9 3 6 1529 17.9 dun 7.0 5.8 
00P024-7 w S 1.5 9 2.5 3 1335 17.9 blue/white  5.5 
00P029-3 p S 0 6 2.5 4 1486 18.3 speckled dun 6.0 5.5 
00P040-4 pk S 0  3 5 592 19.8 speckled dun 4.5  
00P040-5 pk S 0 6 3 6 1432 22.8 dun 6.0 5.0 
00P040-6 w N 0 0 2 2.5 651 13.9 white 4.0  
00P115-1 w S 2 5 2.5 6.5 1062 18.6 white  5.5 
00P116-1 w S 3 5 3 5.5 1372 19.0 blue/white  5.8 
97P719-25 w N 0 9 2 2.5 1565 13.8 white 4.0 6.0 
98P795- 4 p S 0 7 2 5 1429 20.2 speckled dun 4.0 5.5 
99P916-1 w S 0 6 0.5 2 1376 13.1 blue/white 5.0 5.0 
WAPEA2189 w S 2 5 1.5 4 1515 19.7 blue 6.0 6.0 
WAPEA2211 pk S 0 7 2 5.5 1683 21.3 dun 5.0 4.8 
Dundale p N 3.5 6 2 2 1506 19.9 dun 7.0 7-7.5 
Dunwa p N 2.5 7 2 2.5 1662 20.3 dun 7.0 7-7.5 
Helena p N 3 6 2 2 1635 16.4 dun 7.0 7-7.5 
Kaspa pk S 0 6 2 4.5 1641 19.1 dun 6.0 7.0 
Parafield p N 2.5 7 2 2 1601 19.5 dun 7.5 7.5 
 
Agribusiness Crop Updates 2007 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
102 
Validation of Blackspot spore release model and 
testing of moderately resistant field pea line  
Mark Seymour, Ian Pritchard, Rodger Beermier, Pam Burgess and Leanne 
Young, Department of Agriculture and Food, Western Australia 
KEY MESSAGES 
• Bundi appears to be better suited to delayed sowing (late June sowing) in low rainfall areas than 
Kaspa. 
• In the absence of frost there appears to be no advantage in mixing semi-leafless and trailing 
varieties. 
AIMS 
• To validate the Blackspot spore release model throughout WA. 
• To determine the level of resistance of 00PA40-2A to Blackspot. 
• To determine if delayed sowing and an early flowering version of Kaspa provides similar yields 
to sowing 00PA40-2A early, or Kaspa at the recommended sowing time. 
• To assess the use of mixes to extend the flowering period. 
METHOD 
Split plot design with 3 replicates. 
Whole Plots:  3 times of sowing − Before model says its safe, After model says its safe and 2-4 weeks 
after model says its safe to sow; randomised within replicate blocks. 
Sub Plots:  10 varieties − Kaspa, Kaspa-RBSEL1, 00PA40-2A, Bundi, Moonlight, 50% mix of Sturt and 
Kaspa, Sturt, 50% mix of Kaspa-RBSEL1 and Kaspa, 89-036-3-6 and Dundale; randomised within 
time of sowing whole plots. 
RESULTS AND DISCUSSION 
In 2006 five time of sowing trials were planned to validate the ‘Blackspot Manager’ disease model.  
The trials were scheduled to take place at Mullewa, Merredin, Newdegate, Mt Barker and Scaddan.  
Due to seasonal conditions three trial sites were abandoned.  Newdegate was not sown due to the 
very delayed start to the season.  Mullewa was sown but emerged and grew very poorly due to the dry 
seasonal conditions with the plots unable to be mechanically harvested.  Visual observations and 
hand harvest indicate Bundi yielded 0.2 to 0.5 t/ha and the rest less than 0.2 t/ha.  Mt Barker was 
overrun with wild radish late in the season and was sprayed off.  This left Scaddan and Merredin.  At 
all sites treatments which included the variety Sturt had very poor establishment.  This another 
example of poor crop establishment with white peas.  Thus Sturt were removed from the analysis. 
In 2006 the Scaddan area had received good consistent summer rainfall with the frequency of rain 
sufficient to release Blackspot spores prior to the season commencing in May.  The ‘Blackspot Model’ 
suggested that the risk of serious yield loss due to blackspot was low with 99% of spores released by 
6 May.  Despite a lower risk of blackspot than in most years, it was evident throughout the season that 
the first time of sowing (10 May) was of no advantage in terms of dry matter production and 
subsequent seed yield.  Early sowing increased the level of blackspot but this did not translate into 
yield differences.  Overall at Scaddan there were no differences between varieties except for Dundale 
and Yarrum being lower yielding than other lines or mixes.  There were no significant interactions 
between time of sowing and variety at Scaddan. 
At Merredin the first sowing date was sown on 22 May when the closest model run indicated 68% of 
blackspot spores had been released.  The ‘Blackspot Manager’ model uses 50% spore release as the 
critical value, after which it is considered safe to sow field pea.  At Merredin in 2006 there were low 
levels of blackspot up until mid-late spring at which time the early sown plots did have higher levels of  
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blackspot than later sown plots.  Despite higher blackspot levels the early sown plots out yielded later 
sown plots.  Similarly higher or lower levels of blackspot on individual pea lines did not translate into 
corresponding lower or higher yields.  For example WAPEA2211, a late flowering Kaspa like line 
derived by crossing Kaspa to New Zealand material had consistently lower levels of blackspot 
compared to other lines, but this did not translate into higher yields.  At many sites in 2006 it was 
observed WAPEA2211 was more susceptible to downy mildew, which will limit the advancement of 
this line. 
Bundi a white seeded semi-leafless variety which flowers around 10 days earlier than Kaspa was the 
only line at Merredin to be ranked equal top yielder at all times of sowing.  Kaspa and WAPEA2211 a 
late flowering line performed well at the first time of sowing but lost close to 1.0 t/ha of yield when 
sown a month later.  Conversely the early flowering Kaspa reselection WAPEA2213, is probably too 
early flowering for mid May sowing in most parts of WA and appears better suited to being sown at the 
end of May and well into June. 
Mix treatments of early (WAPEA2213) and late flowering (Kaspa) semi-leafless lines were added to 
the experiment primarily as a potential frost effect reduction strategy.  Neither Scaddan nor Merredin 
suffered from any appreciable frost.  In 2006 at Merredin using mixes rather than selecting the best 
adapted line for each sowing time (e.g. Kaspa for 22 May, WAPEA2213 for June and July sowings) 
reduced yield. 
KEY WORDS 
field pea, blackspot, sowing date 
ACKNOWLEDGMENTS 
Merredin R.S., Mt Barker R.S., Newdegate R.S., Geraldton, and Esperance Downs R.S. Research 
Support Units and Pulse Agronomy project (GPA) members provided technical support. 
Project No.: GPA (DAFWA) and GRDC (DAW00100) 
Paper reviewed by: Ian Pritchard 
Table 1. Grain yield (kg/ha) response to time of sowing of seven field pea lines and one mix at 
Scaddan and Merredin in 2006.  Values underlined are equal to maximum yield 
Scaddan Merredin 
Line 
10 May 26 May 12 June Mean 22 May 28 June 17 July Mean 
Kaspa 1375 1565 1004 1315 1936 1029 623 1075 
WAPEA2213 1361 1556 972 1296 1209 1390 775 1092 
WAPEA2211 1443 1324 1194 1320 1709 799 499 880 
Bundi 1387 1648 1194 1410 1782 1398 773 1244 
Yarrum 1222 1472 980 1225 1791 1114 890 1211 
Mix of WAPEA2213 
and Kaspa 1463 1463 1315 1414 1514 1161 695 1069 
89-036-3-6 1500 1630 1083 1404 1505 987 780 1050 
Dundale 1166 1419 738 1108 1668 909 686 1013 
Mean 1365 1510 1060 1314 1625 1080 706 1074 
 P lsd   P lsd#   
TOS 0.039 316   < 0.001    
Line 0.016 178   < 0.002    
TOS.Line 0.439 379 308  < 0.003    
   same 
TOS 
     
# lsd not shown as data has been log transformed. 
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Table 2. Blackspot rating (0 = no Blackspot, 9 = all leaf area affected) in response to time of sowing of seven field pea lines and one mix at Scaddan 
and Merredin in 2006 
Scaddan 4 October Merredin 27 September 
Severity Incidence Rating Line 
10 May 26 May 12 June Mean 10 May 26 May 12 June Mean 22 May 28 June 17 July 
Kaspa 6 5 4 5 9 9 6 8 8 2 2 
WAPEA2213 7 7 5 6 9 9 8 9 9 2 2 
WAPEA2211 6 4 4 5 9 8 6 8 6 2 2 
Bundi 7 6 6 6 9 9 7 8 8 2 2 




6 5 5 6 9 9 7 8 8 2 2 
89-036-3-6 6 6 4 5 9 9 5 8 7 2 2 
Dundale 8 6 5 6 9 9 7 8 6 2 2 
             
Mean 7 6 5 6 9 9 7 8 8 2 2 
            
 P lsd   P lsd   P lsd  
TOS 0.018 1   0.006 1   < 0.001 1  
Line < 0.001 1   < 0.00 10.5   0.018 1  
TOS.Line 0.35 1 1  < 0.001 1 1  1 1 1 
   same 
TOS 
   same 
TOS 
   same 
TOS 
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Yield losses from sowing field pea seed infected 
with Pea Seed-borne Mosaic Virus 
Brenda Coutts, Donna O’Keefe, Rhonda Pearce, Monica Kehoe and Roger 
Jones, Department of Agriculture and Food, Western Australia 
KEY MESSAGES 
• In a large scale field experiment in 2006, plots sown with 8% PSbMV-infected seed had final 
virus incidence of 35% and yield losses of 13%. 
• Seed harvested from plots with > 50% PSbMV final incidence had 10% seed-borne infection in 
seedlings.  
• Field pea seed should be tested for PSbMV before sowing.  Only sow seed with < 0.5% 
infection. 
BACKGROUND 
Pea Seed-borne Mosaic Virus (PSbMV) causes a seed-borne and aphid-borne disease which reduces 
both yield and seed quality of field pea.  PSbMV symptoms in field pea are often mild and growers 
frequently confuse the symptoms caused by PSbMV with those of nutrient deficiency or herbicide 
damage, consequently the economic impact of the disease is under-estimate.  Previous surveys of 
field pea in WA, found commercial seed stocks  to be infected with PSbMV (e.g. in 2005 PSbMV 
levels in cv. Kaspa were 0.3-23%).  The seed-infected plants act as within-crop sources of PSbMV 
and is spread by a number of species of aphid to healthy plants.  Field experiments in 2005 showed 
that sowing PSbMV-infected seed of field pea can result in considerable loss in seed yield (up to 25% 
from sowing 6.5% infected seed).  Yield losses occurred with initial PSbMV seed infection of > 1% but 
not with < 1%.  Further yield loss data, from sowing PSbMV-infected seed, are required to determine 
seed infection thresholds to minimise risk under different locations . 
AIM 
To determine the yield losses in field pea caused by sowing PSbMV-infected seed. 
METHOD 
In 2006, a large-scale field experiment with PSbMV infected field pea, cv. Kaspa, was established at 
Avondale Research Station to provide further yield loss information.  Plots were sown with seed stocks 
with 0.1%, 0.25%, 0.5%, 1%, 2%, 4% or 8% PSbMV infection.  Seed with no PSbMV infection was not 
available so the control treatment was sown with 0.1% infected seed and sprayed with insecticide 
(Fastac® + Confidor®) at emergence, 3, 7, 11 and 15 weeks to minimise aphid vectors transmitting the 
virus.   
In addition, 2 smaller field demonstration trials were established at Scaddan and Katanning (GSARI) 
Research Stations to determine whether regular application of insecticide is effective in controlling the 
spread of PSbMV.  Plots were sown with 0.5% or 5% PSbMV-infected seed, and were either sprayed 
with insecticide (Fastac® + Confidor®) at emergence, 3, 7, 11 and 15 weeks or left unsprayed.    
For each trial, random leaf samples were taken from each plot either fortnightly (Avondale) or monthly 
(Scaddan and Katanning) to determine PSbMV incidence.  All samples were tested by ELISA using 
PSbMV-specific antiserum.  All plots were harvested and seed yield assessed.  Seed harvested from 
each treatment was germinated and seedlings tested for PSbMV to obtain seed transmission rates.  
RESULTS 
At Avondale, the dry start to the season and consequent late June sowing, resulted in late aphid 
arrival and delayed PSbMV spread within plots until mid-September.  Final PSbMV incidence 
increased with the amount of initial seed-borne infection from the seed sown.  In plots sown with 8% 
infected seed, final PSbMV incidence reached 36% compared with 27-28% of plants infected in plots 
sown with 2% or 4% PSbMV-infected seed.  Plots sown with <1 to 1% infected seed had final PSbMV 
levels of 4-15%.  The late virus spread resulted in very mild symptoms, including stunting and general 
pallor of plants.  Although spread only reached 36% in plots sown with 8% infected seed, the yield loss 
was 13% (Figure 1). 
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For the field demonstration trials, final PSbMV incidence differed greatly depending on the location.  At 
Scaddan sowing was in late May and the initial virus spread was recorded in early August, prior to 
flowering.  While at Katanning the late start to the season delayed planting until end of June, virus 
spread within plots started after flowering (mid September) due to late aphid arrival.  Virus symptoms 
included plant stunting, early senescence of older leaves and plant pallor.  At both sites, plots sown 
with 5% PSbMV-infected seed had higher final virus levels than those sown with 0.5% infected seed 
(e.g. at Katanning, in plots sown with 5% infected seed, PSbMV infection reached 41% compared with 
9% of plants in plots sown with 0.5% infected seed giving yield loss of 33%).  Plots with insecticide 
application had lower final PSbMV infection compared with unsprayed ones (e.g. at Scaddan plots 
sown with 0.5% infected seed reached final PSbMV incidence of 86% compared with 54% of plants in 
sprayed plots, the yield loss was 17%), except at Katanning where plots with 0.5% infected seed 
showed no difference in final PSbMV levels.   
Seed transmission of 3% was found in seed harvested at Avondale from plots with final PSBMV 
incidence of 36% (8% seed infection sown), no seed transmission was found in seed harvested from 
plots initially sown with < 4% PSbMV seed infection.  Seed from plots at Scaddan with final PSbMV 
incidence of 54-89% had seed transmission rate of 9-10%.  At Katanning, final crop infection levels 
were 9-12% and seed transmission rates were 1-1.5%, while those plots with 17-41% final incidence 
resulted in 5-8% of seed producing infected seedlings. 
CONCLUSION 
This work supports previous experiments to show that sowing PSbMV-infected seed of field pea can 
result in considerable yield losses.  The extent of those losses depends on a number of factors 
including the initial PSbMV infection level in seed sown, autumn and winter climatic conditions which 
affect when aphids arrive, both of which affect virus spread within the crop.  The application of 
insecticides to control aphids and virus spread may be useful in reducing yield losses under certain 
conditions.  Final PSbMV infection levels affect seed transmission levels in the harvested seed and 
continue perpetuation of the virus in subsequent seasons.  It is advisable to get a sample of seed 
tested before sowing so as to avoid the yield losses that arise from using seed with > 0.5% PSbMV 
infection. 
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Figure 1. Effect of sowing PSbMV-infected seed on yield of field pea cv. Kaspa, Avondale. 
Control =; 0.1% seed infection + Fastac® and Confidor® spray at emergence, 3, 7, and 11 weeks; Bars = lsd. 
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Faba bean in 2006 
Mark Seymour, Department of Agriculture and Food, Western Australia 
About five thousand hectares of faba beans were sown in WA in 2006 with most being sown in the 
medium to high rainfall areas of the southern agricultural region.  Early rains provided an opportunity 
for southern growers to sow their beans in April and May, but many growers in the northern wheatbelt 
either did not sow their beans or the crops struggled to emerge.   
Dry conditions in spring reduced disease pressure in southern areas, but also reduced seed filling of 
crops.  Yields were generally average to below average.   
Many trials planned as part of the National Faba bean Improvement Program (NFBIP) in WA were not 
sown due to dry conditions at sowing.  Those that were sown did quite well in a tough year, but there 
was very little disease to look for differences between lines.  DAFWA moved the Stage 2 bulkup from 
Bindoon to Medina which was a resounding success in terms of multiplication rate and logistics. 
In 2006 the technical officer working full time for NFBIP in WA, Tim Pope (CLIMA) resigned to take up 
a position in DAFWA.  Terri Jasper was employed by DAFWA to fill this role and she worked closely 
with Ian Pritchard at DAFWA’s Northam office and Mike Baker at South Perth to ensure the NFBIP trial 
program ran smoothly in 2006. 
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Germplasm evaluation – faba bean 
Mark Seymour1, Terri Jasper1, Ian Pritchard1, Mike Baker1 and Tim Pope1,2,  
1Department of Agriculture and Food, Western Australia,  2CLIMA, The University of 
Western Australia 
BACKGROUND 
The total area cropped to faba bean in WA expanded rapidly in the early 1990s reaching a peak of 
about 40,000 ha in 1997.  Disease (chocolate spot) epidemics and a series of dry seasons 
subsequently caused the area to fall to less than 10,000 ha.  The release of Fiesta, a variety with 
improved chocolate spot resistance, and better disease management strategies has since seen a 
modest recovery in the faba bean industry.  Nevertheless, at its current level the industry is well below 
its medium term potential of over 100,000 ha in WA.   
There are two centres for breeding faba bean in Australia:  Adelaide, SA and Narrabri, NSW.  
Germplasm from both these centres is evaluated in WA.  The aim is to develop varieties with 
resistance to chocolate spot, ascochyta and rust, the three main faba bean diseases, as well as 
increased yield and yield stability.  Fiesta is now the most widely grown faba variety in WA and has 
become the standard against which improvements in disease resistance and yield are measured.  
However, Fiord will produce higher yields than Fiesta in WA in disease free situations. 
Germplasm was evaluated in Stage 2 (S2), Stage 3 (S3) and Stage 4 (S4) trials at several locations. 
The S2 trial was situated at Medina research station and involved 216 lines; mainly crossbreds 
obtained directly from the breeding centres in Adelaide and Narrabri.  Stage 2 trials are mainly used 
for seed multiplication and results are not presented here.  Stage 3 trials were planned for Dongara, 
Pingrup, Kojonup and Scaddan, but Dongara was not sown due to dry conditions.  About 195 lines 
were evaluated at each site.  Inclusion of lines in trials was dependant on the availability of seed.   All 
lines were evaluated for a range of plant characteristics but only data on seed yield are presented 
here.  
Stage 4 trials were planned for Mingenew (not sown – too dry), Moora, Corrigin (not sown – too dry), 
Gibson, Katanning (sown late and in dry conditions very low yields – data not shown), Mt Barker 
(weedy – sprayed off), Narrogin (not sown –too dry), and Muresk (not sown – too dry).  Five current 
varieties plus eight lines that produced high yields in S2 and S3 trials over recent years were included.   
KEY MESSAGES FROM STAGE 4 TRIALS 
• No line out yielded Fiesta. 
• 1270*278/10 remains in the mix to be the next line released to growers. 
KEY MESSAGES FROM STAGE 3 TRIALS 
• Five lines were ranked No. 1 at the three southern sites − AF02042, AF02002, AF02020, 
IX30/2-52 and 735*683/15 
• 735*683/15 also performed well in 2005 S3 trials. 
• 974*611*974/42 which performed well in 2005 also did well at Kojonup in 2006. 
• AF02042, AF02002, AF02020 also performed creditably in 2005, ranked equal third across all 
sites. 
• In individual trials there were up to 80 lines ranked equal No. 1 in 2006. 
Project Number: DAWA CF funds (GPA) and NFBIP − GRDC project UA00079 
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RESULTS 
Table 1. Grain yield (t/ha) and ranking of faba bean varieties in Stage 4 trials at Moora and Gibson 
(EDRS) in 2006 
 Moora EDRS 
Sown 25 May 12 May 
Harvested 7 November 8 November 
Line   
1269*483/6 1.3 2.6 
1270*278/10 1.3 3.3 
483/5 1.4 2.8 
974*(611*974)/42 1.0 3.0 
Cairo 1.3 2.6 
Farah 1.4 2.8 
Fiesta 1.6 3.0 
FiestaAR*(Ic*As)/2/DAW02-13 1.2 3.2 
Fiord 1.3 2.8 
IX30/1-09 1.5 3.0 
IX30/2-20 1.3 3.0 
Nura 1.2 2.9 
SP98002 1.5 2.6 
P < 0.001 0.074 
lsd 95% 0.2 0.6 
lsd 90%  0.5 
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Table 2. Grain yield of faba bean lines in Stage 3 trials throughout Western Australia in 2006 
 
Pingrup 
Sown 9 May 
Harvest 15 Nov. 
Scaddan 
Sown 11 May 
Harvested 2 Nov. 
Kojonup 
Sown 30 May 
Harvested 12 Dec. 
  
Pingrup 
Sown 9 May 
Harvest 15 Nov. 
Scaddan 
Sown 11 May 
Harvested 2 Nov. 
Kojonup 
Sown 30 May 
Harvested 12 Dec. 
Line t/ha % of Fiesta t/ha % of Fiesta t/ha 
% of 







(IC*AS)*FIESTAAR/4 1.0 100 1.7 114 1.8 115  483/1/DAW03-1 0.7 76 1.5 100 2.0 124 
1038*286/32/DAW04-8 1.0 100 * * 2.3 143  483/5 1.3 130 1.7 117 1.2 78 
1103/3 1.4 148 * * 1.6 98  611*722/3 1.0 105 1.4 95 1.9 119 
1108/2 1.1 109 1.7 118 1.6 101  683*834/18 1.1 119 1.4 94 1.7 105 
1149/4 1.0 107 1.7 114 1.5 96  735*683/15 1.1 112 1.7 118 1.9 121 
1229/2/DAW03-4 0.9 90 1.2 80 1.6 99  974*611*974/2 0.8 85 1.4 93 1.8 113 
1269*483/20 0.7 73 1.4 96 1.8 117  974*611*974/2/DAW04-6 1.4 141 * * 1.7 111 
1269*483/6 0.9 97 1.5 103 1.6 99  974*611*974/26 1.1 112 1.4 94 2.2 137 
1270*278/10 0.9 98 1.8 122 2.1 134  974*611*974/26/DAW04-5 0.9 91 1.4 93 1.7 107 
1270*483/20 1.0 106 1.2 82 1.9 117  974*611*974/32/DAW03-6 1.0 105 * * 1.2 75 
1288/1/DAW43 1.0 105 1.7 116 2.0 126  974*611*974/42 1.0 108 1.4 98 2.3 148 
1445/4 0.8 87 * * 0.9 59  974*974*722/13 0.9 92 1.2 79 1.3 80 
1447/1 1.1 117 1.4 95 1.1 69  A-16/DAW04/3 1.0 100 1.3 88 1.4 87 
1477/4 1.2 123 1.3 88 1.8 112  AF02002 1.3 132 1.6 109 2.1 131 
1505/1 0.9 92 1.6 105 1.7 107  AF02007 0.8 80 1.4 96 1.8 114 
1551 1.1 109 1.5 102 1.6 103  AF02009 1.1 118 1.5 104 1.8 113 
1554/DAW03-3 0.9 90 * * 1.3 81  AF02010 1.2 122 1.8 123 1.6 103 
1555/1 0.8 88 1.6 106 1.3 85  AF02018 1.1 116 1.6 108 1.8 116 
1593 1.2 128 1.4 95 2.1 135  AF02020 1.1 111 1.6 108 2.0 128 
1783 0.5 48 1.0 66 0.9 59  AF02020/DAW04-4 1.0 103 1.8 123 1.9 121 
1788 0.9 93 1.3 88 1.6 101  AF02021 1.2 125 1.5 105 1.8 116 
1841 0.6 65 0.9 64 0.9 56  AF02042 1.2 123 1.5 102 2.1 133 
227/2 0.7 69 1.5 100 1.0 62  AF02043 1.2 124 1.4 95 1.3 81 
278*1270/40 1.3 131 1.8 121 1.6 103  AF02044 1.2 127 1.7 112 1.7 109 
318/1 0.6 63 1.4 94 1.5 97  AF02058 1.1 111 * * 1.9 120 
483*1270/25 1.0 105 1.8 120 2.0 125  AF02061 1.0 107 1.5 105 1.5 93 
AF02067 1.1 109 1.4 96 1.5 95  AF03080 1.1 113 1.5 104 1.9 117 
AF03001 0.9 91 1.5 100 1.7 110  AF03081 1.0 108 1.5 103 1.8 117 
AF03003 1.2 121 * * 1.3 82  AF03092 1.0 99 1.2 83 2.0 128 
AF03017 1.1 116 1.1 76 1.5 93  B-10/DAW04-2 1.0 102 1.4 95 1.4 89 
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001  P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Average lsd 0.4 39 0.5 33 0.5 29  Average lsd 0.4 39 0.5 33 0.5 29 
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Table 2 continued … 
 
Pingrup 
Sown 9 May 
Harvest 15 Nov. 
Scaddan 
Sown 11 May 
Harvested 2 Nov. 
Kojonup 
Sown 30 May 
Harvested 12 Dec. 
  
Pingrup 
Sown 9 May 
Harvest 15 Nov. 
Scaddan 
Sown 11 May 
Harvested 2 Nov. 
Kojonup 
Sown 30 May 
Harvested 12 Dec. 
Line t/ha % of Fiesta t/ha % of Fiesta t/ha 
% of 







AF03018 1.1 114 1.3 85 1.8 117  Cairo 1.1 115 1.9 127 1.8 114 
AF03019 1.1 111 1.3 89 1.9 118  D14/DAW03-10 0.6 66 1.7 115 1.6 102 
AF03023 0.8 85 1.3 91 1.5 96  D42/DAW03-9 0.8 83 * * 1.4 91 
AF03024 0.9 89 1.4 94 1.7 107  Farah 1.0 107 1.4 94 1.9 119 
AF03025 1.0 104 1.4 94 1.8 117  FIESTA 1.0 100 1.5 100 1.6 100 
AF03026 1.0 107 1.4 98 1.8 112  FIESTA/MUT/DAW03-21 0.9 88 1.4 98 1.5 95 
AF03027 1.0 105 1.5 105 1.6 100  FIESTAAR*IC*AS/2DAW02-13 1.2 122 1.7 115 1.6 102 
AF03028 1.2 122 1.4 97 1.7 108  FIESTAAR*IC*AS/3 1.0 108 1.5 100 2.1 131 
AF03030 1.3 132 1.4 93 1.9 117  FIORD 1.1 114 1.5 100 1.4 87 
AF03033 0.9 98 1.5 103 1.6 102  HOMER/12 0.7 71 1.0 66 1.4 91 
AF03034 0.9 88 * * 1.7 111  HOMER/9 0.9 90 1.4 94 1.5 96 
AF03037 1.3 130 1.3 91 1.6 103  IC*AS7/2 1.0 103 1.5 102 1.7 106 
AF03039 0.8 84 1.5 99 1.9 122  IX101/1-04 1.0 100 1.5 101 1.7 105 
AF03040 1.0 105 1.5 100 1.8 113  IX101/1-11 0.7 77 1.2 78 1.2 77 
AF03041 0.8 85 1.5 104 1.3 83  IX101/1-62 0.8 83 1.2 84 1.5 95 
AF03042 1.1 113 1.5 103 1.3 85  IX101/1-63 0.9 92 1.4 95 1.2 75 
AF03043 1.1 109 1.3 90 1.8 112  IX104/2-42 0.8 80 1.4 97 1.3 82 
AF03046 0.9 90 1.4 95 1.5 92  IX108/1-55 0.9 91 1.4 93 1.8 111 
AF03048 0.9 88 * * 2.0 125  IX108/2-14 0.7 77 1.3 91 1.1 71 
AF03049 1.0 107 1.5 101 1.9 124  IX108/2-43 0.9 90 1.3 91 1.1 70 
AF03054 0.6 58 1.3 89 1.7 111  IX108/3-49 0.9 96 1.6 111 1.4 88 
AF03057 1.0 107 1.6 108 2.0 129  IX112/2-13 1.1 110 1.4 98 1.2 79 
AF03059 1.0 104 1.5 99 1.7 108  IX112/2-16 0.7 75 1.3 86 1.0 64 
AF03062 0.9 89 1.2 81 1.7 108  IX112/3-10 0.9 90 1.3 85 1.2 79 
AF03063 0.8 87 1.1 78 1.8 111  IX112/3-30 1.3 132 1.6 107 1.6 99 
AF03067 0.8 83 1.3 91 1.9 121  IX112/3-46 0.9 96 1.5 104 1.3 81 
AF03068 0.8 80 0.5 37 1.5 96  IX129/1-03 1.3 131 1.4 94 1.5 94 
AF03073 1.0 103 1.3 85 1.9 117  IX133/1-10 0.7 75 1.5 104 1.1 69 
AF03075 1.1 109 1.5 103 1.9 118  IX133/1-11 0.8 79 1.4 93 1.4 87 
AF03077 0.9 96 1.9 127 1.8 114  IX25/2-11 1.2 121 1.9 130 1.8 111 
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001  P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Average lsd 0.4 39 0.5 33 0.5 29  Average lsd 0.4 39 0.5 33 0.5 29 
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Table 2 continued … 
 
Pingrup 
Sown 9 May 
Harvest 15 Nov. 
Scaddan 
Sown 11 May 
Harvested 2 Nov. 
Kojonup 
Sown 30 May 
Harvested 12 Dec. 
  
Pingrup 
Sown 9 May 
Harvest 15 Nov. 
Scaddan 
Sown 11 May 
Harvested 2 Nov. 
Kojonup 
Sown 30 May 
Harvested 12 Dec. 
Line t/ha % of Fiesta t/ha % of Fiesta t/ha 
% of 







AF03079 0.9 89 1.6 108 1.8 116  IX25/2-15 1.3 131 1.4 96 1.8 116 
IX29/1-32 1.1 109 1.5 104 1.8 115  IX89/3-45 1.2 120 1.2 84 1.5 95 
IX29/2-06 1.4 144 1.7 113 1.5 95  IX90/1-32 0.8 81 1.1 74 1.4 89 
IX30/1-09 1.1 110 1.5 99 1.4 90  IX90/2-41 0.7 76 1.3 87 1.3 80 
IX30/1-16 1.1 109 * * 1.5 97  IX93/3-30 1.0 101 1.2 81 1.2 74 
IX30/2-03 1.1 118 1.6 110 1.5 98  MANAFEST 1.1 112 1.6 105 1.7 108 
IX30/2-19 1.4 143 1.5 105 1.7 105  NARBON BEAN 0.9 93 0.9 62 0.7 47 
IX30/2-20 1.1 108 1.6 111 1.4 91  NURA 1.0 98 1.5 100 1.7 108 
IX30/2-31 1.0 100 1.7 116 1.3 85  S95003/4/DAW03-5 1.1 115 1.9 128 1.6 102 
IX30/2-40 1.0 107 1.7 118 1.7 110  SP01040 0.8 80 1.4 97 1.3 84 
IX30/2-42 1.1 109 1.4 95 1.7 106  SP01041 1.1 115 1.3 86 1.4 91 
IX30/2-52 1.2 128 1.7 116 2.0 126  SP01045 1.2 127 1.3 89 1.7 106 
IX32/1-04 1.0 107 1.9 126 1.3 85  SP01092 1.3 135 1.4 95 1.5 93 
IX49/2-43 0.9 98 1.0 68 0.9 55  SP01105 1.1 109 1.4 97 1.7 108 
IX53/3-25 0.7 76 1.2 82 1.1 69  SP01118 1.0 107 1.4 94 1.6 99 
IX58/1-15 0.9 89 1.2 80 1.6 104  SP01131 1.2 121 * * 1.4 89 
IX58/1-20 0.7 70 1.2 82 1.4 90  SP01143 0.8 87 1.4 93 1.2 75 
IX58/1-21 1.0 106 1.3 86 1.5 94  SP01155 0.9 90 1.5 103 1.2 73 
IX58/2-31 0.8 86 1.4 98 1.4 89  SP02043 0.8 87 1.4 92 1.7 107 
IX60/1-84 1.0 108 1.2 79 1.3 85  SP02070 1.5 150 1.6 108 1.7 107 
IX61/1-97 0.8 83 1.3 90 1.6 104  SP02074 1.1 118 1.4 97 1.6 100 
IX63/2-41 0.6 66 0.9 59 1.0 62  SP02090 0.9 96 1.4 92 1.3 81 
IX64/3-35 0.9 92 1.3 86 1.6 102  SP95054/DAW02-07 1.1 117 1.6 106 1.6 103 
IX64/4-20 0.9 89 1.4 93 1.4 88  SP98002 0.9 97 1.4 92 1.3 83 
IX65-109 0.8 87 1.3 92 1.6 104         
IX66/1-33 0.7 71 1.6 111 1.3 80         
IX66/1-49 1.1 114 1.1 78 1.3 83         
IX66/2-8 1.0 99 * * 1.3 85         
IX71-39 0.8 86 1.6 109 1.4 87         
IX73/2-01 1.0 100 * * 1.4 87         
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001  P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Average lsd 0.4 39 0.5 33 0.5 29  Average lsd 0.4 39 0.5 33 0.5 29 
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Table 2 continued … 
 
Pingrup 
Sown 9 May 
Harvest 15 Nov. 
Scaddan 
Sown 11 May 
Harvested 2 Nov. 
Kojonup 
Sown 30 May 
Harvested 12 Dec. 
  
Pingrup 
Sown 9 May 
Harvest 15 Nov. 
Scaddan 
Sown 11 May 
Harvested 2 Nov. 
Kojonup 
Sown 30 May 
Harvested 12 Dec. 
Line t/ha % of Fiesta t/ha % of Fiesta t/ha 
% of 







IX73/2-11 1.1 112 1.3 90 1.4 89         
IX75/1-10 1.1 109 1.2 84 1.3 86         
IX85/1-37 1.1 112 * * 1.5 98         
IX87/2-22 0.7 75 1.3 89 1.2 76         
IX87/3-14 0.6 62 1.2 84 1.6 98         
IX89/3-31 0.8 81 1.7 116 1.2 78         
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001  P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Average lsd 0.4 39 0.5 33 0.5 29  Average lsd 0.4 39 0.5 33 0.5 29 
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Breeding highlights of the Coordinated Improvement 
Program for Australian Lentils (CIPAL) 
Kerry Regan1, Chris Veitch1, Phillip Chambers1 and Michael Materne2,  
1Department of Agriculture and Food, Western Australia,  2Department of Primary 
Industries, Victoria 
KEY MESSAGES 
• Two new lentil varieties, Nipper (red) and Boomer (green), with improved disease resistance 
(ascochyta blight and botrytis grey mould) will be available to growers in 2008.  
• Boomer will offer a good alternative to growers wanting to produce green lentils, but Nipper is 
unlikely to provide any improvement over Digger and Cassab in Western Australia (WA). 
• A number of breeding lines have performed well in 2005 and 2006 in WA, and are showing 
potential for commercial release in the future.  These include 99-088L*02H037, 99-
088L*02HO51, 97-030L*02H025, CIPAL411, CIPAL413, CIPAL415, CIPAL501, CIPAL609, 
CIPAL610 and CIPAL611. 
• Evaluating germplasm at an early breeding stage in WA assists to identify adapted lentil lines 
suitable for the western region and other low rainfall environments across Australia that can be 
progressed towards commercial release. 
BACKGROUND 
The Coordinated Improvement Program for Australian Lentils (CIPAL) carries out lentil breeding and 
evaluation through the GRDC funded national pulse breeding program, Pulse Breeding Australia 
(PBA).  CIPAL is based in Victoria (VIC) with collaborators in South Australia (SA), New South Wales, 
Tasmania and WA.  The major objective of CIPAL is to develop superior red and green lentil varieties 
that will increase lentil production and profitability in Australia through greater productivity, reliability of 
yield and quality, reduced inputs and new market access.  To achieve this, the breeding effort is 
focussed on developing breeding lines with appropriate phenology, improved disease resistance 
(ascochyta blight and botrytis grey mould), harvestability and seed quality (size, colour and milling), 
tolerance to soil limitations (boron and salinity) and common broadleaf herbicides, and resistance to 
exotic diseases (anthracnose, fusarium and rust).  Evaluation of lentils in WA involves initial screening 
of early generation material (S1) in single rows at one site and two stages (S2 and S3) of replicated 
field trials at two sites. 
AIMS 
• To develop superior red and green lentil varieties with potential for Australia. 
• To identify breeding lines with improved and stable yield, improved harvestability, vigorous early 
growth, early flowering, disease resistance and drought tolerance in WA. 
METHOD 
Trials were located at Merredin (S1, S2 and S3) and Coorow (S3) in 2006.  The S1 trial comprised of 
420 breeding lines and control varieties sown in unreplicated 2 m single rows.  The breeding lines 
were visually evaluated for phenology (flowering and maturity), early vigour, disease resistance 
(ascochyta blight and/or botrytis grey mould if present), biomass production, podding intensity, grain 
loss (pod drop/shattering) and lodging.  The S2 and S3 trials were sown in replicated plots (1.2 m wide 
x 10 m long) including 138 and 66 breeding lines and varieties, respectively.  These trials were visually 
evaluated for characteristics similar to the S1 trial, and machine harvested for seed yield and mean 
seed weight. 
RESULTS AND DISCUSSION 
At Merredin and Coorow, seasonal rainfall (May-October) was well below average and the trial at 
Coorow was not harvested.  Seed yield at Merredin was limited by pre-flowering moisture stress, 
particularly during June, July and August however rain in September provided enough moisture for 
crops to recover, but crop growth was variable across plots.  There were no diseases observed in the 
trials.  In general, weed control was good at Merredin and the trials were treated with insecticide after 
flowering to minimise the risk of aphid infestation. 
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Based on the observations made at Merredin and interstate S1 trials, 235 breeding lines were 
identified with promising adaptation.  Of particular note at Merredin were 02-429L*04HS012, 
02-190*04HS001, 02-623L*04HS004 and 01-Unknown*04H013.  Due to drought across Australia in 
2006, seed production in VIC and SA was severely limited, therefore selected lines were harvested at 
Merredin and seed production is in progress over summer under irrigation at Manjimup, WA.  The 
results the 2006 S1 trials and screening nurseries (e.g. disease) will be used to select appropriate 
breeding lines for progression to S2 trials in 2007.  
Mean seed yield of the S2 trial was 476 kg/ha (Table 1).  A number of breeding lines out-ranked the 
commercial varieties for yield.  Three lines (00-011L*03H003, 02-232*03HS019 and 
99-078L*00HS008-03H038) showing promise in the WA S1 trial in 2005 also performed well in this 
trial with early maturity, good vigour, and  final yield rankings of 2, 14 and 17, respectively.  Three of 
the highest ranked S2 breeding lines in trials across Australia in 2006 (02-311*03HS021, 
02-372*03HS012 and 02-139*03HS014) also ranked in the top 10 in this trial. 
Table 1. Maturity score (MAT), mean seed weight (MSW, g/100 seeds), seed yield (SY, kg/ha and % 
Digger) and yield ranking (rank) of the highest yielding S2 lentil breeding lines and varieties at 
Merredin 2006 (sown 1 June) 
Line/variety MAT1 MSW SY2 SY %Digger Rank 
Cumra 3.0 4.01 463 88 75 
Digger 5.0 4.04 525 100 48 
Northfield 6.0 3.11 368 70 117 
02-098*03HS012 5.0 3.43 757 144 1 
00-011L*03H003 4.0 3.67 754 144 2 
02-222*03HS023 4.0 3.82 707 135 3 
02-212*03HS021 5.0 3.94 703 134 4 
02-311*03HS021 3.5 4.15 682 130 5 
02-173*03HS025 5.0 3.20 677 129 6 
02-139*03HS014 5.0 3.33 674 129 7 
02-372*03HS012 4.5 4.06 667 127 8 
01-419L*1-03HS023 5.0 3.29 666 127 9 
02-218*03HS009 5.0 3.38 647 123 10 
02-312*03HS010 5.0 3.43 635 121 11 
02-321*03HS010 6.0 3.84 626 119 12 
99-067L*03H003 4.5 3.44 621 118 13 
02-232*03HS019 4.5 4.38 619 118 14 
02-196*03HS035 5.0 4.05 601 115 15 
02-022*03HS002 4.5 2.75 601 115 16 
99-078L*00HS008-03H038 3.5 4.49 601 115 17 
02-173*03HS030 5.0 3.78 599 114 18 
02-161*03HS019 5.0 3.77 594 113 19 
02-196*03HS030 5.5 4.49 593 113 20 
Mean 5.2 3.59 476   
lsd 5% - - 190   
1 Maturity score where 1 = very early to 9 = very late. 
2 Seed yield analysed using REML statistical methods. 
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The stage 3 evaluation trial at Merredin included a selection of mainly red lentil varieties and lines 
(Table 2).  Mean seed yield was 615 kg/ha.  Similar to the S2 trial, this trial was quite variable due to 
the high level of moisture stress.  A number of breeding lines exhibited significantly greater yields than 
current commercial varieties.  The lines 99-088L*02H051, CIPAL501, CIPAL609 and CIPAL611 
produced the greatest seed yields, and two of these lines (99-088L*02H051 and CIPAL611) also 
performed well at Merredin in 2005.  The line CIPAL610 was not outstanding in this trial in 2006, but 
was identified in S1 trials at Merredin in 2004, performed well in WA in 2005 and has produced the 
greatest mean yield across Australia in 2006. 
Table 2. Yield ranking1 in S2 trial in WA 2005, Maturity score (MAT), mean seed weight (MSW, g/100 
seeds), seed yield (SY, kg/ha and % Digger) and yield ranking (rank) of the highest yielding S3 
lentil breeding lines and varieties at Merredin 2006 (sown 2 June) 
Breeding line/variety Rank S2 WA 2005 MAT
2 MSW SY3 SY %Digger Rank 
Aldinga - 6.0 4.42 697 126 12 
Boomer (CIPAL402)4 - 5.3 5.82 610 110 32 
Cassab   7 6.0 3.96 452 82 65 
Cumra - 3.0 4.28 598 108 35 
Digger 16 5.0 3.60 554 100 48 
Nipper (CIPAL203) - 5.7 3.56 500 90 60 
Northfield - 5.7 2.80 679 123 16 
Nugget - 6.3 3.65 694 125 13 
CIPAL405 - 5.0 3.80 643 116 27 
CIPAL411 - 3.7 4.02 545 98 51 
CIPAL413 - 5.3 4.48 744 134 7 
CIPAL415 - 4.7 3.12 568 103 41 
CIPAL501 - 5.0 4.06 830 150 2 
CIPAL502 - 5.0 2.60 553 100 49 
CIPAL504 - 3.7 4.42 664 120 20 
CIPAL601(94-003L*98H039)  5.7 4.88 481 87 62 
CIPAL602 (96-024L*00H058) - 5.3 3.72 582 105 37 
CIPAL603 (97-031L*01H013) - 3.0 3.55 668 121 18 
CIPAL604 (97-049L*00H020) - 4.3 4.91 661 119 21 
CIPAL605 (97-050L*01H043) - 5.3 3.93 616 111 30 
CIPAL606 (98-009L*01H046) - 6.0 3.40 530 96 55 
CIPAL607 (98-009L*01H060) - 5.7 3.22 692 125 14 
CIPAL608 (98-009L*01H061) - 5.7 3.16 615 111 31 
CIPAL609 (98-035L*01R014) - 3.7 4.14 800 144 3 
CIPAL610 (99-070L*02H036)   8 2.0 5.20 554 100 47 
CIPAL611 (99-088L*02H003)   1 5.7 4.35 788 142 4 
99-088L*02H051 13 3.3 4.60 834 151 1 
98-043L*01H008 - 4.7 3.76 779 141 5 
97-039L*98S172-99HS001 - 5.0 4.00 771 139 6 
97-039L*99R098 - 4.7 4.08 743 134 8 
99-088L*02H037   2 4.3 4.22 718 130 9 
97-030L*02H025 20 6.3 4.18 708 128 10 
Mean - 5.3 3.81 615 - - 
lsd 5% - - - 152 - - 
1 Yield ranking if in top 25 lines 2005. 
2 Maturity score where 1 = very early to 9 = very late. 
3 Seed yield analysed using REML statistical methods. 
4 Indicates green lentils. 
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Two new varieties were commercialised in 2005, but problems with seed production have seen 
release to growers delayed until 2008.  Nipper, tested as CIPAL203, is the first red lentil released in 
Australia with disease resistance to both ascochyta blight and botrytis grey mould.  In most other 
characteristics it is similar to Northfield, including seed shape and size, but is more suited to the longer 
season environments of eastern Australia where Northfield is well-adapted.  Boomer, which has 
replaced the green lentil variety, Matilda, was the only green lentil included in the trial and performed 
similarly to Digger and Cassab for seed yield (Table 2).  Both new varieties have improved disease 
resistance (ascochyta blight and botrytis grey mould) compared to current varieties.  In general, Nipper 
is unlikely to provide any improvement over Digger and Cassab in WA, but Boomer may offer a good 
alternative to growers providing they want to produce green lentils. 
The results from the S1, S2 and S3 trials in WA and similar trials across Australia will be used to 
identify which lines/varieties offer the best potential and where they should be targeted for production.  
Since the introduction of S1 evaluation in WA (2004), key lines with adaptation to WA have been 
identified.  These lines are now being evaluated in National Variety Testing (NVT) trials and 
demonstrate the value of regional testing at an early stage in the breeding program.  Given the dry 
conditions experienced across Australia in 2006, further evaluation in breeding trials and NVT trials will 
be necessary in 2007 to provide reliable information and validate the potential of the most advanced 
breeding lines. 
KEY WORDS 
lentil, Coordinated Improvement Program for Australian Lentils (CIPAL), Pulse Breeding Australia 
(PBA) 
ACKNOWLEDGMENTS 
This research is funded by the Grains Research and Development Corporation (GRDC).  Merredin 
Research Station provided technical support. 
Project No.: GRDC DAV0072 
Paper reviewed by: Larn McMurray, South Australian Research and Development Institute 
(SARDI) 
Agribusiness Crop Updates 2007 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
118 
Screening pulse germplasm for tolerance to 
alternate herbicides 
Ping Si1, Mike Walsh2 and Mark Sweetingham1,3,  1Centre for Legumes in 
Mediterranean Agriculture,  2West Australian Herbicide Resistance Initiative,  
3Department of Agriculture and Food, Western Australia 
INTRODUCTION 
The control of broad-leaf weeds in pulse crops, particular wild radish, has become a critical issue not 
only for the profitability of pulse crops but also for the general management of broad-leaf weeds in 
cropping rotations.  Wild radish is the major broad-leafed weed in Western Australia.  This is due 
primarily to the evolution of multiple herbicide resistance in this weed which is now a common 
occurrence in wild radish populations occurring across the WA wheatbelt.  The increasing difficulty in 
controlling this weed is reducing the profitability of pulse crops in particular as well as cropping 
systems in general. 
Herbicides with alternate modes of action are required and isoxaflutole (Group F), isoxaben (Group K) 
and carfentrazone-ethyl (Group G) are candidate herbicides being evaluated in this project.  There is 
limited knowledge of the tolerance of lupin, chickpea, lentil, faba bean and field pea to these 
herbicides.  Earlier work (Si et al. 2006) has shown that narrow-leafed lupin germplasm has higher 
tolerance to isoxaflutole and carfentrazone than canola.  Identification of tolerant germplasm would be 
valuable to plant breeders and potentially enable the utilisation of these chemistries in pulse crops.   
AIMS 
To screen a broad cross section of pulse cultivars and germplasm of the major Australian pulses 
species for tolerance to isoxaflutole, isoxaben and carfentrazone-ethyl. 
METHOD 
The number of germplasm accessions screened was:  100 each of lupin, chickpea and field pea and 
50 each of lentil and faba bean.  Two wild radish populations were included as control.  The 
accessions of each species were obtained from germplasm centres and breeding programs across 
Australia and consisted of wild types, land races and cultivars in the world.   
Screening took place from July to October in 2005 and 2006 at UWA Crawley campus.  Thirty plants 
of each accession were grown in a rectangular tray containing potting mix at an outdoor area.  Plants 
were watered and fertilised when necessary.  Carfentrazone-ethyl (Group G) and isoxaben (Group K) 
were applied to uniform seedlings at 4-leaf stage using a cabinet sprayer fitted with two flat fan 
nozzles with a delivery rate of 110 L/ha.  Isoxaflutole (Group F) was applied 1 day after sowing.  
Herbicide rates used in the screening were 250-300 g/ha for isoxaflutole, 250 g/ha for isoxaben and 
80 g/ha for carfentrazone-ethyl.  These rates gave the largest differentials between pulses and wild 
radish, according to preliminary dose response experiments comparing two cultivars and wild radish.  
Visual damage was recorded at 2-3 weeks after spraying for individual plants using a scale from 0 to 5 
where 0 = no symptom and 5 = plant dead. 
RESULTS 
Isoxaflutole  
Chickpea cultivars and germplasm had no visual damage symptoms to isoxaflutole at three weeks 
after herbicide application (Table 1).  Field pea cultivars Excell and Helena showed no damage whilst 
Kaspa had mild symptoms at 300 g/ha (Table 2).  Across 100 accessions of the field pea germplasm, 
most had none or mild symptom.  Lentil germplasm appeared to be susceptible.  Faba bean cultivars 
were variable, with Nura having little symptom and Farah severely damaged.  Faba bean germplasm 
showed similar range of variation in tolerance to commercial cultivars (Table 2). 
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Isoxaben 
Lupin and chickpea germplasm collections and cultivars showed complete tolerance to isoxaben at 
250 g/ha when screened in 2005 whilst wild radish was severely damaged (Table 1).  In 2006, lentil 
was the most tolerant among other pulses screened although variation ranging from little to moderate 
damage was observed in the germplasm (Table 2).  Field pea and faba bean were clearly more 
tolerant than wild radish. 
Carfentrazone-ethyl 
All grain legumes species had moderate damage by carfentrazone-ethyl at two weeks after spray, but 
the damage to wild radish was more severe (Tables 1 and 2). 
DISCUSSION 
The high rate of herbicides used in the screening trials allows us to differentiate germplasm rapidly so 
that a large number of accessions can be assessed over a short period of time.  Lines that show no or 
minimal visual symptoms at two to three weeks after spraying should be considered potentially 
tolerant.  Ideally such accessions should be tested further in terms of biomass reduction compared to 
unsprayed controls.   
Chickpea is the most tolerant species among the five pulses screened against isoxaflutole.  
Isoxaflutole is registered in chickpea.  Field pea showed a relatively good level of tolerance.   
We identified tolerance in faba bean although the level of tolerance is not quite as good as chickpea. 
This knowledge highlights the possibility to improve the tolerance in faba bean.  The large differences 
in tolerance between cultivars Nura and Farah suggest that it would be effective to select for tolerance 
in the breeding program.   
Post-emergent application of isoxaben caused no damage in lupin and chickpea at rates which 
damaged and retarded growth of wild radish.  Damage in field pea, faba bean and lentil was mild.  The 
comparative advantage of pulses over wild radish suggests that it would be worthwhile for further 
investigation.   
Carfentrazone-ethyl caused significant visual damage in all pulses.  However, in other experiments we 
have seen that they grow out of these symptoms but it is not known to what extent their growth under 
field conditions would have been compromised.   
IMPORTANT NOTE 
All herbicides mentioned in this paper are not currently registered or recommended on any pulse crop 
in Australia except isoxaflutole in chickpea.   
KEY WORDS 
isoxaflutole, isoxaben, carfentrazone-ethyl, wild radish, lupin, chickpea, field pea, lentil, faba bean 
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Table 1. Comparison of lupin and chickpea with wild radish in response to isoxaflutole, isoxaben and 
carfentrazone-ethyl in 2005 
Visual damage scoreA 
Species Germplasm Cultivar Isoxaflutole 
@ 250 g/ha 
Isoxaben 
@ 250 g/ha 
Carfentrazone-ethyl
@ 80 g/ha 
MeanB  - 0 4.3 
Range  - 0 2.8-5.0 
 Belara 1.5 0 3.7 
 Mandelup 1.5 0 3.9 
Narrow- 
leafed lupin 
 Tanjil 2.5 0 3.8 
MeanB  0 0 2.3 
Range  0 0 0.6-4.0 
 Genesis 509 0 0 3.0 
 Kimberly Large 0 0 1.6 
Chickpea 
 Sonali 0 0 2.7 
 WARR 7 5.0 2.7 4.8 Wild radish 
 WARR 5C 4.4 3.4 4.9 
A Score scales:  0 = no symptoms and 5 = plant dead. 
B Mean of 100 accessions for each species and each accession consisting of 30 plants. 
C Wild radish population resistant to Group C herbicides. 
Table 2. Comparison of field pea, faba bean and lentil with wild radish in response to isoxaflutole, 
isoxaben and carfentrazone-ethyl in 2006 
Visual damage scoreA 
Species Germplasm Cultivar Isoxaflutole 
@ 300 g/ha 
Isoxaben 
@ 250 g/ha 
Carfentrazone-ethyl
@ 80 g/a 
MeanB   0.6 1.5 3.2 
Range  0-3 0.3-3.5 1.3-4.6 
 Excell 0 1.8 2.6 
 Helena 0 1.5 2.9 
Field pea 
 Kaspa 0.5 2.3 3.0 
MeanB  2.0 1.0 2.7 
Range  0.5-4.5 0-2.5 1.7-4.0 
 Farah 4.5 1.5 3.9 
 Fiord 1.5 1.5 3.2 
Faba bean 
 Nura 0.5 2.5 3.7 
MeanB  3.4 0.7 4.7 
Range  1.0-5.0 0.1-1.3 1.2-5.0 
 Boomer 2.5 0.8 4.6 
 Digger 4.0 0.8 4.9 
Lentil 
 Nipper 4.5 0.8 5.0 
 WARR 7 5.0 3.3 3.5 Wild radish 
 WARR 20C 4.5 4.8 3.0 
A Score scales:  0 = no symptoms and 5 = plant dead. 
B Mean of 100 accessions for field pea and 50 accessions for either faba bean or lentil, and each accession  
 consisting of 30 plants. 
C Resistant to Group B and C herbicides. 
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Genomic synteny in legumes:  Application to crop 
breeding 
Phan, H.T.T.1, Ellwood, S.R.1, Hane, J.1, Williams, A.1, Ford, R.2, Thomas, S.3 and 
Oliver R1,  1Australian Centre of Necrotrophic Plant Pathogens, Murdoch University,  
2BioMarka, University of Melbourne,   3NSW Department of Primary Industries 
AIMS AND BACKGROUND 
Orthologous markers transferable between distantly related legume species allow for the rapid 
generation of genetic maps in species where there is little pre-existing genomic or EST information.  
We are using the model legume Medicago truncatula (Mt) to develop such markers in legumes of 
importance to Australian agriculture.  This will enable the construction of comparative genetic maps, 
help to determine patterns of chromosomal evolution in the legume family, and characterise syntenic 
relationships between M. truncatula and cultivated legumes. This information can then be used to 
identify markers tightly linked to the genes of interest, candidate gene/s for a trait, and expedite the 
isolation of such genes. 
MARKER DEVELOPMENT 
Among the Papilionoideae, we compared ESTs from the phylogenetically distant Mt, Lupinus albus, 
and Glycine max species to produce 500 intron-targeted amplified polymorphic markers (ITAPs).  In 
addition to 126 Mt cross-species markers from Department of Plant Pathology, University of California 
(USA), these markers were used to generate comparative genetic maps of lentil (Lens culinaris), white 
lupin (Lupinus albus) and faba bean (Vicia faba). 
MARKER GENERATION AND GENETIC MAPPING 
Our results showed that ninety per cent of the ITAPs markers amplified genomic DNA in Mt, eighty 
per cent in L. albus, and seventy per cent in L. culinaris.  The comparative map of L. culinaris was 
constructed based on 79 ITAP markers.  The L. albus comparative map was developed using 105 
gene-based markers together with 223 AFLP markers.  Although a direct and simple syntenic 
relationship was observed between Mt and L. culinaris genomes, there is evidence of moderate 
chromosomal rearrangement.  This can account for the different chromosome numbers in the two 
species (Figure 1).  A more complicated pattern among homologous blocks was apparent between the 
L. albus and Mt genomes (Figure 2). 
A similar approach using published Mt SSR markers successfully generated sets of orthologous Mt 
markers that are polymorphic within Australian lucerne breeding lines.  These identified markers were 
used to assign lucerne disease resistance maps to fully sequenced Mt chromosomes.  This 
information would greatly assist to identify more closely linked markers to the mapped disease 
resistance genes/QTL.  In addition, all these orthologous markers are being used for comparative 
mapping in faba bean. 
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Figure 1. An example of macrosynteny between  Figure 2. An example of macrosynteny  
Medicago truncatula LG4 and 7 and lentil LG1.  between Medicago truncatula  
  LG4 and L. albus. 
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Tolerance of lupins, chickpeas and canola to 
Balance® (Isoxaflutole) and Gallery® (Isoxaben) 
Leigh Smith and Peter White, Department of Agriculture and Food, Western 
Australia 
BACKGROUND 
Balance® is a group F herbicide, which is registered for post sowing/pre emergence application in 
Chickpeas and is generally not incorporated in the soil.  It is used for the control of wild radish and 
cape weed.  Gallery® is a group K herbicide used to control the wild radish and cape weed but in 
soybean crops and orchards.  It is not registered for use on pulse crops. 
AIMS 
• Determine species sensitivity to Balance®. 
• Determine species sensitivity to Gallery®.  
• Determine a sensitivity rate for future testing.  
METHOD 
Two pot experiments were conducted concurrently in the glasshouse at the Department of Agriculture 
and Food, South Perth.  Both trials used the same seed source and two replications.  Pots contained 
2.75 kg of red sandy loam soil and were sealed at the bottom to prevent drainage.  Full basal nutrients 
were applied in solution to the surface of the soil.  Balance® (75% isoxaflutole ai) or Gallery® (75% 
isoxaben ai) were applied to the surface of the soil as a suspension in water.  Once dry, nutrients and 
herbicide were mixed throughout the soil.  Ten seeds per pot were sown.  The water content of the soil 
was maintained at field water capacity for the duration of the trial. 
Experiment 1 was a factorial combination of eight rates of isoxaflutole (0.01, 0.02, 0.04, 0.08, 0.16, 
0.32, 0.64, and 1.28 µg isoxaflutole/g soil) and four species (L. angustifolius (narrow-leafed lupin) 
cv. Mandelup; L. luteus (yellow lupin), cv. Pootallong; Brassica napus (canola), cv. Boomer; and Cicre 
arietinum (chickpea), cv. Howzat). 
The number of seedlings that emerged was counted at 11 and 14 days after sowing (DAS).  Plants 
were thinned to four plants per pot 14 DAS.  At 14 DAS plants were also scored for the severity of leaf 
scorching using a 1 to 5 scale where 1 = healthy plants and 5 = severely scorched leaves with the 
plant dead or dying.  Shoots were harvested 28 DAS. 
Experiment 2 was a factorial combination of eight rates of Gallery (0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 
1.28 and 2.56 µg isoxaben/g soil) and four species (same as experiment 1).  The number of seedlings 
that emerged was counted at 11, 14, 23 and 28 DAS.  At 14 DAS plants were also scored for the 
severity of leaf scorching using a 5 step scale where 1 = healthy plants; 5 = severely scorched leaves 
with the plant dead or dying.  Shoots were harvested 28 DAS. 
RESULTS 
Experiment 1 
Eleven days after seeding (DAS), more (P < 0.001) canola seedlings had emerged than chickpea 
seedlings.  This trend was the same for all rates of isoxaflutole.   By 14 DAS, however, all species had 
the same number of plants emerged. 
At 14 DAS Boomer showed more scorching than other species at all levels of isoxaflutole (Figure 1).  
At the lowest three rates of isoxaflutole Mandelup had a lower score for scorching than Howzat 
(Figure 1).  From the fourth rate (0.08 µg/g soil) the score for Mandelup was higher than for Howzat.  
All other species scored the same or worst than Howzat. 
Agribusiness Crop Updates 2007 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  




























Figure 1. The effect of increasing rate of isoxaflutole, on scorching of leaves in narrow-leafed lupin 
(Mandelup), yellow lupin (Pootallong), canola (Boomer) and chickpea (Howzat).  Plants were 
rated at 14 DAS on a 1 to 5 scale:  1 = no scorching; 5 = severely scorched leaves with the 
plant dead or dying.  Scores are presented as a percentage of Howzat. 
Application of isoxaflutole substantially reduced (P < 0.01) the dry weight of shoots of all species 
(Figure 2).  Boomer grew very poorly and produced less than 0.1 g per pot at all rates of isoxaflutole 
so we have not presented data on the dry weight of shoots of Boomer.  The dry weight of shoots of 
Pootallong was the same as Howzat at all rates of isoxaflutole.  Overall average of Mandelup 
produced about 120% greater (P < 0.001) dry weight of shoots than Howzat or Pootallong at the first 
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Figure 2. The effect of increasing rate of isoxaflutole, on dry weight of shoots (g/pot) at 28 DAS for 
narrow-leafed lupin (Mandelup), yellow lupin (Pootallong), canola (Boomer) and chickpea 
(Howzat).  Species by chemical rates significant P = 0.025. 
Experiment 2 
Mandelup showed no reduction in emergence for the first three rates (0.02, 0.04 and 0.08 µg/g soil) of 
isoxaben at 11 DAS.  For rates 0.16 to 2.56 µg/g soil, there was a reduction of 15% to 95% in 
emergence.  Pootallong had a emergence reduction from 25% to 100% (lowest to highest rate).  From 
0.32 µg/g soil of isoxaben on wards there was no emergence.  Howzat also had a emergence 
reduction of 40% to 95%.  The surviving plants showed signs of malformation or distortion of the 
leaves with the increase rate of chemical.  Boomer also had germination reduction similar to Howzat, 
but by the 14 DAS they had nearly total seedling death for all rates except 0.01 µg. 
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Figure 3. The effect of increasing rate of isoxaben, on scorching of leaves in narrow-leafed lupin 
(Mandelup), yellow lupin (Pootallong), canola (Boomer) and chickpea (Howzat).  Plants were 
rated at 14 DAS on a 0 to 5 scale:  1 = no scorching; 5 = severely scorched leaves with the 
plant dead or dying. 
The Figure 3 shows the comparison of the scoring for all species.  As indicated the isoxaben wiped out 
the Boomer plants.  Although all species were badly affected by isoxaben even at the lower rates, 
Howzat seems to be less affected followed by Mandelup.  Species by Chemical rate P = 0.012. 
DISCUSSION 
At low rates of application (< 0.04 µg/g) seedlings of Mandelup and Pootallong in this trial appeared to 
be as tolerant to isoxaflutole as Howzat.  These low rates of application marginally affected the growth 
of Howzat but severely reduced the growth of Boomer, so they may be equivalent to effective rates 
used for radish control in chickpea production.  Mandelup however, may be more sensitive than 
Howzat or Pootallong to higher rates of isoxaflutole because its dry weight shoots declined a 
proportionally greater amount when plants were grown at rates higher than 0.16 µg/g compared with 
rates lower than 0.08 µg/g). 
Given the poor plant emergence and leaf scorch ratings for isoxaben for all species used in this trial, it 
seems unlikely that isoxaben would be safe to use as a pre-sowing or pre-emergence in pulse crops.  
Although the data suggest that Howzat might have a little more tolerance to the herbicide.  However, 
(Dhammu and Nicholson 2006) has shown in field trials that lupins have good tolerance to isoxaben 
when applied at the 2-4 leaf stage. 
Further trials for both in the glasshouse and field would be advantage to find the recommended rates, 
application and timing of isoxaflulote or isoxaben that could be applied for maximum effect on the 
weeds with little effect on the lupins. 
KEY WORDS 
ixoaflutole, isoxaben, canola, chick pea, Narrow Leaf Lupin (NLL) L. lutues (Yellow Lupins), 
germination counts, dry matter weights 
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The performance of TT Canola varieties in the 
National Variety Test (NVT), WA, 2006 
Katie Robinson, Research Agronomist, Agritech Crop Research 
KEY MESSAGES 
• The seasonal conditions for the second year of the NVT program were in complete contrast to 
those of 2005.  Canola variety performance across WA in 2006 was evaluated under below 
average rainfall with a short hot finish to the season compared to the 2005 season which had 
above average rainfall and a cool finish. 
•  The dry conditions at sowing, during plant establishment and early growth influenced days to 
50% flower in northern and central regions.  Varieties took longer to reach 50% flower 
compared to 2005.  The days to 50% flower in southern regions were similar to 2005. 
• There was less flowering differential between varieties in 2005 compared to 2004. 
• With the exception of cooler coastal and southern sites, short season maturity varieties 
dominated the rankings in 2006.  The season tested the ability of varieties to take advantage of 
limited moisture and complete flowering and pod fill under harsh growing conditions. 
• Stubby, Boomer and Tanami were consistent performers across a range of sites with Cobbler 
and Rottnest both showing some consistency after one year of NVT evaluation.  The dry 
seasonal conditions suited short season varieties which are notorious for being determinant in 
nature and lacking in ability to take advantage of an extended growing season.  Tanami and 
Cobbler both show potential to take advantage of a range of seasons, with yields ranging from 
0.80 t/ha-2.61 t/ha in 2006.  These varieties also have the potential to provide a late May 
sowing option that will compete with wheat for profitability. 
• Of the mid season varieties, Bravo and Thunder show yield consistency across a range of sites 
over two years.  These varieties perform particularly well in cooler, longer growing season 
environments, show some degree of adaptability to sowing time and season length and are 
suited to most regions.  These varieties perform well with an early break and longer growing 
season. 
• Management decisions on variety selection should not solely be based on one season’s data.  
The 2005 and 2006 results can be accessed on the database website www.nvtonline.com.au. 
AIMS 
To independently evaluate canola variety performance in the 2006 growing season across rainfall 
zones and soil types in the WA wheatbelt as part of the National Variety Testing (NVT) program. 
To compare canola variety performances in the 2006 growing season to the 2005 growing season. 
METHOD 
Twenty-one triazine tolerant, main season and early season canola varieties were evaluated across 20 
sites within the six Agzones in WA.  The soil type was predominantly sandy gravel, the exception 
being Scaddan which was shallow sand over clay duplex.  All canola trials were sown at a single time 
of sowing, 5-27 May, the exception being Williams sown on 8 June.  Trials were designed with three 
replications across six ranges as complete block randomisations as per Australian Crop Accreditation 
System (ACAS) protocols.  Canola vigour, blackleg, relative flowering, grain yield and quality were 
evaluated.  National Statistics Program Biometricians are contracted by the GRDC to analyse the 
data. 
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RESULTS 

















91 das 98 das 77 das 96 das 91 das 100 das 98 das 99 das 
ATR Banjo 8 2 9 3 7 2 9 2 
ATR Barra  5  5  6  3 
ATR Beacon 15 5 16 5 13 4 16 5 
ATR Cobbler  -1  -2  -2  0 
ATR Grace 19  18  18  19  
ATR Hyden  6  7  6  6 
ATR Marlin  4  4  3  5 
ATR Signal  1  1  0  2 
ATR Stubby 0 0 0 0 0 0 0 0 
ATR Summitt 16 6 17 6 16 6 17 6 
BravoTT 12 2 16 1 9 2 11 3 
CB Boomer -3 -2 3 -2 -6 -2 -4 -2 
CB Trigold -4  -7  -1  -4  
Flinders TTC  6  5  5  6 
Rottnest TTC  0  -1  -1  0 
Surpass 501 TT 11 0 18 -1 11 0 14 0 
CB Tanami  -2  -2  -3  -2 
ThunderTT 13 5 17 6 9 4 13 6 
TornadoTT 8 2 13 2 5 0 8 2 
Trilogy -10  -11  -10  -10  
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Table 2. TT Canola Grain Yield (t/ha) and Oil Content (%) for Central and Northern Regions in 2006 WA NVT Trials 
Location Eneabba (sown 5/5/06) Calingiri (sown 27/5/06) Cunderdin (sown 11/5/06) Merredin (sown 12/5/06) 
Agzone 2 2 2 4 
Rainfall zone H2 H3 M3 L3 
  Rank (yield) Rank (yield) Rank (yield) Rank (yield) 
  
Yield 



















Early ATR Banjo 2.31 45.3 13 3 1.55 44.1 21 2 1.11 38.9 15 11 0.74 39.7 19 9 
  ATR Cobbler (NMT040) 2.34 44.9 11   1.82 42.4 3   1.37 36.7 5   1.09 40.5 2   
  ATR Hyden 1.93 43.4 21   1.57 40.4 19   1.05 36.3 16   0.89 36.4 13   
  ATR Marlin (ATR423) 2.31 47.4 14   1.71 44.0 10   1.17 40.4 13   0.97 39.8 6   
  ATR Signal (NMT052) 2.31 42.9 15   1.64 40.2 14   0.86 36.0 21   0.69 37.9 21   
  ATR Stubby 2.41 43.5 8 2 1.57 41.2 20 3 1.38 36.3 4 3 0.78 37.2 17 6 
  CB Boomer (CBTT-026) 2.27 44.6 17 11 1.67 42.7 12 7 1.42 37.0 3 5 1.16 39.4 1 2 
  CB Tanami (CBTT-061) 2.5 43.6 4   1.78 41.2 4   1.72 38.3 1   0.99 38.4 5   
  CB Trigold 2.11 46.8 19 7 1.75 44.1 5 9 1.49 39.2 2 12 1.02 40.8 4 7 
  Rottnest (ATR501) 2.41 43.0 9   1.91 41.5 1   1.24 38.1 10   1.09 38.1 3   
  Surpass 501TT 2.04 46.8 20 13 1.63 44.7 15 11 1.26 40.9 8 4 0.87 43.2 15 12 
Main ATR Barra (TN4*207) 2.59 46.0 1   1.6 43.1 17   0.94 39.2 19   0.9 39.7 12   
  ATR Beacon 2.43 43.6 6 8 1.72 41.4 8 10 1.02 37.6 17 9 0.87 39.3 14 4 
  ATR Summitt 2.36 44.8 10 6 1.58 43.4 18 5 0.9 37.9 20 10 0.86 40.9 16 8 
  BravoTT 2.58 45.2 2 1 1.62 42.1 16 1 1.24 37.5 9 6 0.97 39.6 7 1 
  Flinders (ATR438) 2.44 45.6 5   1.75 42.8 6   1.2 39.3 12   0.75 39.8 18   
  ThunderTT 2.43 45.1 7 10 1.7 43.8 11 4 1.33 38.3 11 1 0.94 41.4 11 5 
  TornadoTT 2.34 46.6 12 12 1.72 43.6 9 6 1.32 40.4 7 2 0.95 41.3 10 3 
lsd t/ha (P < 0.05) 0.193       0.101       0.139       0.182       
CV% 5.05       3.5       6.48       11.3       
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Northern Region 
Due to the very dry start and drought conditions, Agzone 1 did not produce any viable trials.  The 
Nabawa and Mingenew sites were in the ground for 54 days prior to receiving a germinating rainfall 
event. 
Eneabba received excellent break of season rainfall with follow up growing season rain.  The best 
performing varieties at this site were the mid season lines Barra and Bravo.  Bravo was also the best 
performer in 2005. 
Of the short season varieties, Tanami, Rottnest and Stubby yielded similar to Barra and Bravo.  In 
2005 Stubby ranked second. 
Central Region 
The central sites of Calingiri, Cunderdin and Merredin were generally very dry and suffered a hot dry 
finish.  Cunderdin and Merredin received some fortuitous rainfall events during the season that many 
surrounding areas missed out on.  This provided us the opportunity to get the trials established and 
growing.  Tanami, Cobbler and Trigold performed consistently in all locations with Rottnest and 
Boomer ranked highly at two of the three sites.  Boomer performed well in 2004 and 2005.  The central 
and eastern environments are particularly suited to the short season varieties in most seasons.  The 
mid season varieties; Thunder, Tornado and Bravo are more suited to the Calingiri region in most 
growing seasons as opposed to the early season varieties.  The mid season varieties may be 
considered in eastern regions on a sandy based soil with an early break and good subsoil moisture. 
Southern Region 
The Williams site was sown 8/6/2007 into non wetting forest gravel.  This trial was slow to establish, 
received low growing season rainfall and yet still managed to produce yields in excess of 2.7 t/ha.  
This region is generally suited to the mid season varieties.  The excellent performance of Tanami at 
this site is a further indication that the variety is not limited by determinacy and has the ability utilise an 
extended growing season.  The mid season varieties, Flinders, Bravo and Thunder also showed 
seasonal adaptability and yielded in excess of 2 t/ha. 
The highest yielding plot at the Tunney/Kojonup site in 2005 was in excess of 5 t/ha with all early 
maturing varieties yielding less than 2 t/ha.  The 2006 season has seen a complete reversal of the 
trend with the yields dominated by short season varieties Cobbler (1.75 t/ha) and Tanami (1.69 t/ha). 
The nearest mid season variety Bravo was 230 kg/ha behind.  Late sowing, non wetting forest gravel 
and low growing season rainfall has meant this site has performed similarly to a low rainfall site. 
Short season varieties were the best performers at the lower yielding sites of Katanning, Nyabing, 
Lake Grace and Holt Rock.  Cobbler and Tanami were again the most consistent with Stubby 
performing well over the two years. 
South Coast 
The south coast environment is generally cooler during flowering and pod fill and produces a longer 
growing season.  The sites suffered in terms of a sharp finish to the season similar to the rest of the 
state, however, they received reasonable growing season rainfall, the exception being Jerramungup 
and Scaddan.  This region is most suited to the mid season varieties.  Thunder and Bravo have shown 
consistency over a couple of seasons at the south coast sites. 
The Scaddan site showed similar disease levels and lodging to the 2005 Tunney site, hence the poor 
performance of some of the short season varieties at this site in 2006. 
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Table 3. TT Canola Grain Yield (t/ha) and Oil Content (%) for South West Region in 2006 WA NVT Trials 
Location Williams (sown 8/6/06) Tunney/Kojonup (sown 26/5/06) Katanning (sown 25/5/06) Nyabing (sown 27/5/06) 
Agzone 3 3 2 3 
Rainfall zone H4 H5W M5W M5W 
  Rank (yield) Rank (yield) Rank (yield) Rank (yield) 
  
Yield 



















Early ATR Banjo 1.98 42.7 17 6 1.5 42.5 5 7  0.61 39.0 13 7  1.15 42.5 4 9 
  ATR Cobbler (NMT040) 2.17 43.9 9   1.75 43.5 1    0.86 38.0 2   1.28 40.5 2   
  ATR Hyden 2.04 39.4 14   0.79 39.1 21   0.46 34.8 19   0.97 38.9 12   
  ATR Marlin (ATR423) 2.14 45.2 10   1.48 43.6 6    0.42 40.1 20    0.88 43.7 19   
  ATR Signal (NMT052) 1.84 40.5 21   1.45 40.0 9   0.69 36.3 7   0.99 39.4 10   
  ATR Stubby 1.86 42.0 19 11 1.42 41.5 10 11  0.89 37.0 1 11 1.17 37.8 3 12 
  CB Boomer (CBTT-026) 2.46 42.2 2 13 1.16 41.0 18 9  0.67 35.8 8 9 0.96 40.4 14 4 
  CB Tanami (CBTT-061) 2.71 40.5 1   1.69 41.3 2    0.85 36.0 3    1.36 39.3 1   
  CB Trigold 2.11 45.0 12 12 1.07 44.2 20 12  0.69 37.5 6 12 0.97 41.5 13 14 
  Rottnest (ATR501) 2.04 40.0 13   1.58 41.1 3    0.71 36.7 5    1.06 39.2 8   
  Surpass 501TT 1.84 44.4 20 5 1.12 43.9 19 14 0.55 41.0 16   0.71 44.2 21 11 
Main ATR Barra (TN4*207) 2.2 42.4 7   1.25 42.2 17    0.46 37.8 18    0.98 41.3 11   
  ATR Beacon 1.98 41.1 16 8 1.39 40.9 12 5  0.59 36.1 14 6  0.93 37.9 15 6 
  ATR Summitt 1.96 40.7 18 4 1.38 40.8 14 3  0.64 36.2 9 5 0.89 39.3 18 5 
  BravoTT 2.29 40.8 4 2 1.47 41.2 7 2  0.64 36.8 10 3 1.11 39.1 6 3 
  Flinders (ATR438) 2.45 41.1 3   1.39 42.1 13    0.58 36.9 15   0.9 39.5 17   
  ThunderTT 2.21 41.9 6 3 1.4 42.2 11 1  0.41 37.0 21 2  0.80 41.7 20 1 
  TornadoTT 2.01 42.8 15 10 1.3 43.4 16 4  0.51 39.2 17 1  1.04 42.6 9 2 
lsd t/ha (P < 0.05) 0.384       0.263       0.141       0.202       
CV% 10.9       11.25       13.3       12.1       
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Table 4. TT Canola Grain Yield (t/ha) and Oil Content (%) for South East Region in 2006 WA NVT Trials 
Location Lake Grace (sown 24/5/06) Holt Rock (19/5/06) 
Agzone 5 5 
Rainfall zone L4 L4 
  Rank (yield) Rank (yield) 
  
Yield 









Early ATR Banjo 1.11 40.4 12   1.12 38.5 17 7 
  ATR Cobbler (NMT040) 1.52 40.2 1   1.37 36.7 8   
  ATR Hyden 1.04 38.8 16   1.23 34.6 12   
  ATR Marlin (ATR423) 1.25 41.8 3   1.11 40.7 19   
  ATR Signal (NMT052) 1.15 40.0 10   1.04 37.4 21   
  ATR Stubby 1.21 39.6 8   1.62 36.8 3 1 
  CB Boomer (CBTT-026) 1.19 38.0 9   1.67 38.8 2 2 
  CB Tanami (CBTT-061) 1.44 38.8 2   1.71 38.2 1   
  CB Trigold 1.24 40.2 5   1.52 39.1 5 3 
  Rottnest (ATR501) 1.22 39.4 7   1.31 37.8 9   
  Surpass 501TT 1.14 42.1 11   1.53 41.2 4 8 
Main ATR Barra (TN4*207) 1.02 40.9 17   1.11 38.8 18   
  ATR Beacon 1.08 38.8 13   1.22 36.5 13 9 
  ATR Summitt 0.84 37.1 21   1.07 37.6 20 11 
  BravoTT 1.07 39.5 14   1.41 37.1 7 6 
  Flinders (ATR438) 0.96 40.7 19   1.13 37.1 16   
  ThunderTT 1.02 41.3 18   1.18 37.4 15 4 
  TornadoTT 1.05 42.4 15   1.27 39.4 11 5 
lsd t/ha (P < 0.05) 0.202       0.181       
CV% 9.9       8.4       
Agribusiness Crop Updates 2007 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
135 
Table 5. TT Canola Grain Yield (t/ha) and Oil Content (%) for South Coast Region in 2006 WA NVT Trials 
Location South Stirlings (sown 17/5/06) Jerramungup (sown 29/5/06) Scaddan (sown 10/5/06) Munglinup (sown 9/5/06) 
Agzone 6 5 5 6 
Rainfall zone H5C M5C M5E M5E 
  Rank (yield) Rank (yield) Rank (yield) Rank (yield) 
  
Yield 



















Early ATR Banjo 1.91 45.0 12   0.64 41.9 21   1.51 42.1 16 12 1.89 42.3 16 5 
  ATR Cobbler (NMT040) 2.05 44.1 7   1 40.3 1   1.68 40.8 11   2.36 41.6 6   
  ATR Hyden 1.74 43.4 19   0.78 40.1 15   1.52 38.4 16   2.01 40.8 15   
  ATR Marlin (ATR423) 2.35 46.4 1   0.83 41.9 13   1.83 42.9 7   2.37 44.1 5   
  ATR Signal (NMT052) 1.91 41.4 13   0.84 38.6 10   1.65 38.5 12   2.36 39.9 7   
  ATR Stubby 1.79 42.5 16   0.8 39.1 14   0.94 40.2 20 9 1.71 40.1 19 10 
  CB Boomer (CBTT-026) 1.92 43.4 11   0.84 38.8 12   1.42 40.6 17 4 1.88 40.2 17 11 
  CB Tanami (CBTT-061) 2.15 41.8 5   0.89 38.9 6   1.34 38.9 18   1.85 41.1 18   
  CB Trigold 1.76 44.7 18   0.72 39.6 18   1.12 41.3 19 3 1.31 42.4 20 13 
  Rottnest (ATR501) 1.85 42.7 15   0.92 39.8 3   1.89 39.5 5   2.54 41.0 2   
  Surpass 501TT 1.53 47.1 21   0.71 40.6 19   0.91 41.1 21 14 1.21 44.2 21 12 
Main ATR Barra (TN4*207) 2.3 44.3 2   0.87 39.5 8   1.9 41.7 4   2.26 43.6 11   
  ATR Beacon 2.02 44.1 9   0.75 38.4 17   1.63 39.5 13 7 2.03 41.3 14 8 
  ATR Summitt 2.05 44.8 8   0.7 41.0 20   1.8 40.1 9 6 2.1 41.7 13 7 
  BravoTT 1.55 43.7 20   0.88 41.1 7   1.81 39.8 8 1 2.14 41.7 12 2 
  Flinders (ATR438) 2.27 44.5 3   0.9 41.1 4   1.56 39.4 14   2.36 42.5 8   
  ThunderTT 2.08 44.4 6   0.76 41.3 16   1.97 42.3 2 2 2.56 43.5 1 3 
  TornadoTT 1.78 45.2 17   0.9 40.6 5   2 41.8 1 5 2.32 44.0 9 1 
lsd t/ha (P < 0.05) 0.364       0.162       0.182       0.384       
CV% 11.4       11.8       7       10.8       
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CONCLUSION 
The seasonal conditions for the second year of the NVT program were in complete contrast to the 
seasonal conditions of 2005.  Canola variety performance across WA in 2006 was evaluated under 
below average rainfall with a short hot finish to the season compared to the 2005 season which had 
above average rainfall and a cool finish. 
The dry conditions at sowing during plant establishment and early growth influenced days to 50% 
flower in northern and central regions.  Varieties took longer to reach 50% flower compared to 2005.  
The days to 50% flower in southern regions were similar to 2005. 
There was less flowering differential between varieties in 2006 compared to 2005. 
With the exception of cooler coastal and southern sites, short season varieties dominated the rankings 
in 2006.  The season tested the ability of varieties to take advantage of limited moisture and complete 
flowering and pod fill under harsh growing conditions. 
KEY WORDS 
NVT, canola, trials, ACAS, Agzone 
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Evaluation of Brassica crops for biodiesel in 
Western Australia 
Mohammad Amjad, Graham Walton, Pat Fels and Andy Sutherland, Department 
of Agriculture and Food, Western Australia 
ABSTRACT 
Twenty Brassica cultivars were field tested to find improvement in the economic potential of biodiesel 
production in the short season environment of the central and eastern wheatbelt of Western Australia.  
The WA selections RT008-04M3 (B. napus), 86N077-860871 (B. juncea) and ATC94011-01W2 
(B. carinata) produced the highest seed yield, 1.73 t/ha, 1.39 t/ha and 1.17 t/ha respectively, within 
each of the three Brassica species tested.  The control variety Stubby yielded 1.13 t/ha.  The 
germplasm exhibited considerable variation in plant characteristics and yield, potentially useful to 
identify high oil yield suited to a short, dry season environment of Western Australia. 
AIM 
To identify potentially high oil yielding and agronomically stable Brassica varieties for biodiesel 
production in Western Australia.  
METHOD 
Six B. napus lines, 12 B. juncea lines and two B. carinata lines were sown in replicated plots at 
Wongan Hills Research Station on 1 June  2006.  Six control varieties including four triazine tolerant 
varieties (Stubby, Tranby, Boomer and Tanami) and two conventional varieties (Opal and Spectrum) 
were sown.  Sown plots were 5 rows (1 m width) and 8 m length, sown on 1.8 m plot centres.  The 
plots were sown in six sections, two sections per replication.  Weed control was obtained through the 
pre-seeding application of 1.5 L/ha Sprayseed and 1.8 L/ha of Triflur X on 31 May.  Agras fertiliser 
100 kg/ha (16 kg N, 7.6 kg P and 14 kg S) was drilled with the seed.  Lontrel was applied post seeding 
on 26 July.  Select was applied at 250 mL/ha on 28 July.  Ammonium sulphate was topdressed at 
140 kg/ha (29 kg N and 34 kg S) on 14 August and Urea was topdressed at 44 kg/ha (20 kg N) on 
23 August.  The trial was sprayed to control aphid and diamondback moth in spring. 
The plots were rated for emergence, disease symptoms and the dates of first and last flowering.  Plots 
were harvested on 24 November.  Seed samples were collected for oil and quality analyses. 
RESULTS 
Seasonal rainfall 
Rainfall for the season (May-October) was below the long term average (150 vs 232 mm) on the trial 
site at Wongan Hills.  The 2006 season began with high summer rainfall in January and February, but 
with little follow up rain until mid June.  Consequently seeding was delayed from the most suitable 
timing of early May sowing at Wongan Hills.  The seeding was into dry soil and the first rain after 
seeding was on 19 June.  The spring rainfall was adequate for pod ripening.   
Flowering window 
A large variation in the start of flowering (F50) and finish of flowering (F90) between germplasm of 
B. napus, B. juncea and B. carinata were observed (Table 1).  B. juncea germplasm was earliest in 
start of flowering at 212 days, having 38 to 47 days to end of flowering (F90).  B. napus germplasm 
was one week later in start of flowering at 220 days, having 30-37 days  to end of flowering (F90).  
Two lines of B. carinata flowered differently, the WA selection from AgVic (ATC94011-01W2) was the 
earliest flowering 212 days (having 44 days to finish flowering).  In contrast the UWA selection 
(UWA-0694024-2) flowered late at 237 days and finished early in only 24 days.   
Seed yield 
There were significant differences in mean yield between germplasm (Table 1), the highest yield was 
B. napus (WA selection from AgVic − RT008-04M3) with 1.73 t/ha, ranging down to 0.80 t/ha for 
B. juncea (UWA line -UWA-06-4J21).  Tanami, the new canola variety from CBWA yielded 1.38 t/ha 
compared to Stubby 1.13 t/ha.  
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Similarly B. carinata line (WA selection from AgVic − ATC94011-01W2) yielded 1.17 t/ha compared to 
UWA line (UWA-0694024-2) 0.85 t/ha.  B. juncea germplasm from India also yielded high − 1.36 t/ha 
(RH-819) and 1.18 t/ha (PBR-91). 
Oil yield and meal quality data were not available at the time of reporting. 
Table 1. Mean seed yield, flowering and plant height data for Brassica germplasm for biodiesel 
production 








(cm) Species Source 
RT008-04M3 1.73 218* 253* 35 92.1 napus AgVic 
86N077-860871 1.39 216 257 41 103.2 juncea WADA 
TANAMI 1.38 220 255 36 91.3 napus CBWA 
BLN3189-04M9 1.37 220 254 34 93.1 napus NSWA  
RH-819 1.36 213 255 41 107.7 juncea India 
JR049 1.23 213 255 42 105.0 juncea AgVic 
PBR-91 1.18 213 256 43 109.8 juncea India 
ATC94011-01W2 1.17 212 255 43 101.4 carinata AgVic-ATFC 
BST7-210 1.16 221 257 36 86.6 napus WADA 
82N022-102 1.15 212 255 43 106.3 juncea WADA 
BLN3356TT-04M3 1.14 222 256 34 83.3 napus NSWA  
ATR-STUBBY 1.13 225 260 35 89.9 napus Ag-Seed 
RLM-619 1.12 213 256 43 101.6 juncea India 
82N022-98 1.11 213 258 44 109.0 juncea WADA 
AG-SPECTRUM 1.09 232 262 30 97.8 napus Ag-Seed 
AV-OPAL 1.08 227 259 31 92.7 napus AgVic 
BST7-205 1.08 222 258 36 87.1 napus WADA 
TRANBY 1.07 223 257 35 85.5 napus WADA 
82N022-67 1.01 213 256 43 113.1 juncea WADA 
86N078-860874 1.01 212 259 47 105.5 juncea WADA 
BOOMER 1.00 220 254 34 90.1 napus CBWA 
BJ42-04SB 0.92 214 254 39 83.1 juncea WADA 
BLN3355TT-04W8 0.88 224 260 37 94.4 napus NSWA  
UWA-06-94024-2 0.85 237 262 24 105.5 carinata UWA 
UWA-06-SEL21 0.85 226 261 34 129.1 juncea UWA 
UWA-06-4J21 0.80 217 255 38 95.0 juncea UWA 
lsd (0.05) 0.11  
* Julian Days. 
CONCLUSION 
Although the seasonal conditions in 2006 were not conducive to high yields, the trial produced useful 
seed yields and data on plant characteristics.  There are 3 B. napus and 2 B. juncea germplasm that 
yielded significantly better than Stubby.  One line of B carinata yielded similar to Stubby.  In general 
the Brassica germplasm exhibited considerable variation in plant characteristics and yield that is useful 
to identify high oil yield (biodiesel lines) suited to a short, dry season environment of Western 
Australia.  Further testing of the promising germplasm for biodiesel production will be carried out in the 
2007 season. 
KEY WORDS 
canola, mustard, biodiesel 
Agribusiness Crop Updates 2007 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
139 
ACKNOWLEDGMENTS 
Thanks to Margaret Campbell for providing additional germplasm for testing for biodiesel production.  
Special thanks to Tim Trent for seed preparation and sowing of trial. 
Project No.: GOP/001/SP 
Paper reviewed by: Graham Walton 
Agribusiness Crop Updates 2007 
 
Crop Updates is a partnership between the Department of Agriculture and Food, Western Australia and  
the Grains Research & Development Corporation 
140 
Production risk of canola in different rainfall zones 
in Western Australia 
Imma Farré1, Michael Robertson2 and Senthold Asseng3,  1Department of 
Agriculture and Food, Western Australia,  2CSIRO Sustainable Ecosystems,  
3CSIRO Plant Industry 
KEY MESSAGES 
• Long-term simulations with the APSIM-Canola model can be used as a practical tool to 
establish the latest possible dates to sow profitable canola in different locations in Western 
Australia, for different soil types, canola prices and growing costs. 
AIMS 
Growers in WA currently perceive canola (Brassica napus L.) as a risky crop.  Between 1990 and 
1999 growers responded to the introduction of disease resistant cultivars, improved agronomy, 
favourable seasons and favourable prices by increasing the area sown from close to nil to 900,000 ha.  
Since 2000, the area of canola sown has gradually declined to 400,000 ha in 2005.  In the period 2000 
to 2004 the high occurrence of poor seasons with late sowing opportunities, due to late starts to the 
rainy season after a dry summer, and volatility of canola prices created the perception of risk of 
growing canola among growers.  Due to the short history of canola production in WA, there is little 
information on yield expectations in relation to rainfall, location and soil type.  The aims of this paper 
are 1, to assess the effect of location, rainfall, soil type, and soil water at sowing on canola yield and 2, 
to determine cut-off sowing dates for profitable canola production.   
METHOD 
The APSIM-Canola model was used with the long-term climate record in order to examine the effects 
of seasonal variability, location, soil type, sowing date and plant available water at sowing, on grain 
yield.  The model simulates crop development (phenology), growth, yield, water uptake and nitrogen 
accumulation in response to temperature, radiation, daylength, soil water and nitrogen supply.  The 
model uses a daily time-step and is driven by daily weather inputs.  It calculates the potential yield, 
that is, the yield not limited by weeds, pests, and diseases, but limited only by temperature, solar 
radiation, water, and nitrogen supply.  In our analysis the impact of waterlogging was not accounted 
for. 
Long-term simulations using the climate record for 1900-2004 were run for three representative 
locations of the high (Kojonup; 33.84°S, 117.15°E), medium (Lake Grace; 33.10°S, 118.46°E) and low 
(Merredin; 31.50°S, 118.22°E) rainfall zones of the wheatbelt of Western Australia.  Simulations were 
run for three typical soil types of the area, a sandy soil, a duplex soil and a clay soil, with 59, 86 and 
116 mm plant-available water, respectively.  Cultivar Karoo, representative of an early-medium 
maturity triazine tolerant type, was sown to establish 80 plants/m2.  Fertiliser applications were set to 
ensure that N did not limit canola yields.  
Two simulation experiments were run, to address some practical questions. 
1) What is the impact of starting soil water levels on yield expectations? 
The soil water profile was initialised (reset) each year in the following ways:  1) reset on 1 January to 
the lower limit of plant-available water, to represent maximum water use from previous crop;  2) reset 
on the date of sowing with 0, 20 or 40 mm of plant-available soil water in the surface layers of the 
profile, to represent varying degrees of plant-available water at sowing due to summer rainfall or/and 
incomplete water use from a previous crop.  Sowing time varied each year according to a sowing rule 
set between 1 May and 15 June.  Sowing occurred when at least 20 mm of rainfall had accumulated 
within 5 days.  
2) What is the impact of sowing date on yield expectations?  
The soil water profile was initialised (reset) each year on 1 January to the lower limit of plant-available 
water.  Every year the canola crop was sown on five fixed sowing dates 20 days apart:  5 April, 
25 April, 15 May, 4 June and 24 June. 
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RESULTS 
Variation in yield due to rainfall zone and soil type 
Cumulative distribution functions (CDFs) depict the probability of achieving at least a given yield 
(Figure 1).  CDFs for simulated yields obtained with a sowing rule are presented for the three locations 
and three soil types studied.  The results demonstrate the large variability in yields generated by 
climate variability in the region.  Among locations, average yields were highest at the high rainfall 
location Kojonup and lowest at the low rainfall location Merredin.  Average yields were highest on the 
duplex soil and lowest on the sandy soil.  Maximum yields varied from 1,900 kg/ha on the sandy soil at 
Merredin to 3,500 kg/ha on the clay soil at Kojonup.  Minimum yields varied from zero at Lake Grace 
and Merredin in a clay soil to 200 kg/ha at Kojonup in a clay soil.  At Kojonup the median yield ranged 
from 2,100 kg/ha on the sandy soil to 2,700 kg/ha on the duplex soil.  At Lake Grace the median yield 
varied from 1,000 kg/ha on the sandy soil to 1,300 kg/ha on the duplex soil.  At Merredin the median 
yields were lowest on sandy and clay soils (550 kg/ha) and highest on the duplex soil (800 kg/ha).  
































































Figure 1. Simulated cumulative distribution functions of simulated grain yield for (a) Kojonup, (b) Lake 
Grace and (c) Merredin for three soil types.  Each curve is composed of 105 seasons. 
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Importance of sowing date 
The simulations with fixed sowing dates showed that locations had different responses of grain yield to 
sowing date.  In general all locations showed a decline in yield with delayed sowing.  For Kojonup 
there was no yield decline between the first two sowing dates (beginning and end of April) and a linear 
decline thereafter.  The linear decline in grain yield ranged from 141 kg/ha/week in Kojonup to 
71 kg/ha/week in Merredin (Table 1).  Expressing the yield decline as a percentage of the maximum 
yield, it varied between 5.8% per week on a sandy soil in Lake Grace and 4.2% per week on a clay 
soil in Kojonup (Table 1).  As a consequence, yields for different seasons tended to converge with 
delayed sowing.  Among soil types, yield reductions with delayed sowing were highest on sandy soil 
and lowest on clay soil (Table 1).  On sandy soils, yield reductions as a percentage were similar in all 
three locations.  Whereas on duplex and clay soils, percentage yield reductions were smaller at 
Kojonup. 
Table 1. Simulated response of grain yield to sowing date in terms of kg/ha decline per week’s delay in 
sowing date and yield reduction (%) expressed as a per cent of the maximum yield.  Yield 
declines are average of 105 seasons 
Location Soil kg/ha.week % Yield/week 
Sand 141 5.6 
Duplex 140 4.3 
Kojonup 
Clay 131 4.2 
Sand 108 5.8 
Duplex 116 5.0 
Lake Grace 
Clay 100 5.0 
Sand 80 5.6 
Duplex 94 5.5 
Merredin 
Clay 71 4.5 
Importance of starting soil water 
Starting soil water, defined as plant available water at sowing, produced a yield advantage over 
sowing on a dry soil in all three locations and soil types (Figure 2).  The yield advantage due to starting 
soil water was greater on the duplex soil than on the sandy soil, due to the lower plant available water 
capacity of the sandy soil.  Starting soil water produced a yield advantage in every year in the low and 
medium rainfall locations.  However, in the high rainfall location produced a yield penalty of 15 to 
40 kg/ha in about 5% of the years, due to increased losses of nitrogen by leaching.  Starting soil water 
of 20 mm provided a yield advantage in all locations.  Starting soil water of 40 mm provided additional 
yield advantage in Lake Grace and Merredin, but not in Kojonup.  In Kojonup, starting soil water gave 
a median yield advantage of 22 to 66 kg/ha across soil types, representing a median yield increase of 
1 to 2% compared to a dry soil profile.  In Lake Grace the median yield advantage from initial soil 
water ranged from 217 to 475 kg/ha, representing a median yield increase of 36 to 71%.  In Merredin 
the median yield advantage from starting soil water ranged from 142 to 368 kg/ha, representing a 
47 to 97% increase in yield.  The results indicated the importance of starting soil water in determining 
overall level of production, especially in the low and medium rainfall locations. 
Break even yields for different canola prices and growing costs 
Growing costs or variable costs of canola are higher than wheat.  Growing costs for canola production 
in the three shires studies ranged from 230 $/ha in Merredin to 290 $/ha in Kojonup in 2005 according 
to the ‘Gross margins guide 2005 WA’ prepared by regional economists of the Department of 
Agriculture and Food, Western Australia.  Variation between regions is mainly a function of fertiliser 
inputs.  In comparison, growing costs for wheat production in the same shires ranged from 180 to 
220 $/ha. 
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Figure 2. Cumulative distribution functions of simulated yield advantage of 20 mm and 40 mm of plant 
available water at sowing compared to lower limit at sowing for (a, b) Kojonup, (c, d) Lake 
Grace and (e, f) Merredin on a sandy soil (a, c, e) and on a duplex soil (b, d, f). Each curve is 
composed of 105 seasons. 
Canola price has been variable in the last few years.  The latest (2006) estimate of net price on-farm 
for canola is around $400/ha.  Growing costs and the price of canola determine the minimum yield 
required to cover costs (the ‘break even’ yield).  Table 2 shows minimum yields required to break even 
for combinations of different canola prices and growing costs.  In this calculation, canola price did not 
account for oil content. 
If we consider an average canola price for the last few years of about 300 $/t and growing costs of 
250 to 300 $/ha depending on yield expectations, the break even yield is 800 to 1000 kg/ha.  The 
probability of achieving this ‘break even’ yield depends on location, soil type and sowing date 
(Figure 3).  For example, in Kojonup 1000 kg/ha can be achieved in more than 80% of years in a 
sandy soil if sown before the end of May and in more than 95% of years in a duplex soil for any sowing 
date within the sowing window.  In Lake Grace, 1000 kg/ha can be achieved in 80% of years on a 
sandy soil if sown before the end of April and on a duplex soil if sown before the middle of May.  In 
contrast, in Merredin on a sandy soil, 1000 kg/ha can be achieved in 50% of years if sown before the 
end of April and in less than 10% of years if sown before the end of May.  In Merredin on a duplex soil, 
1000 kg/ha can be achieved 70% of years if sown before the end of April and in 30% of years if sown 
before the end of May. 
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Table 2. Break-even yield (kg/ha) for combinations of different canola prices and growing costs 
Growing costs ($/ha) Canola price 
($/tonne) 200 225 250 275 300 325 
250 800 900 1000 1100 1200 1300 
300 670 750 830 920 1000 1080 
350 570 640 710 790 860 930 
400 500 560 630 690 750 810 
450 440 500 560 610 670 720 
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Figure 3. Proportion of years (%) with simulated grain yield greater than 500 (●), 1000 (○), 1500 (▼), 
2000 (∇), 2500 (■), 3000 (□), 3500 (◊) and 4000 (∆) kg/ha versus sowing date for (a, b) Kojonup 
and (c, d) Merredin on a sandy (a, c) and duplex (b, d) soils. 
Figure 3 shows that with sowing at the end of May, in Kojonup there is a 50% chance of achieving at 
least 1500 kg/ha on the sandy soil and 2500 kg/ha on the duplex soil.  In Merredin, with sowing at the 
end of May, there is a 50% chance of achieving less than 500 kg/ha on the sandy soil and less than 
1000 kg/ha on the duplex soil. 
The latest possible sowing date to achieve profitability in canola production will depend on the canola 
price and growing costs for the season, which will determine the break even yield for that year.  For 
example if we assume a break even yield of 1000 kg/ha, with the soil types and the cultivar used in the 
simulations the latest possible sowing date to achieve a yield of 1000 kg/ha in 50% of the years in 
Kojonup is mid June in the sandy soil and end of June in the duplex soil.  In Merredin the latest  
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possible sowing date to achieve a yield of 1000 kg/ha in 50% of the years is end of April in the sandy 
soil and mid June in the duplex soil.  If we assume a year with high canola price and/or low growing 
costs so that the break even yield was 500 kg/ha, the latest possible sowing dates to achieve a yield 
of 500 kg/ha in 50% of the years in Merredin would be end of May in the sandy soil and end of June in 
the duplex soil (Figure 3). 
CONCLUSION 
The reliability of canola production varies widely between the different rainfall zones in the WA 
wheatbelt.  In the high rainfall zone, there is a better than 80% chance that canola will be profitable in 
this zone for a wide range of canola prices and growing costs.  In the medium and low rainfall zones 
proposition in most seasons, particularly with late sowing opportunities.  In the medium and low rainfall 
profitability of canola is highly sensitive to changes in costs and prices and is currently a risky zones of 
the WA wheatbelt optimal management (i.e. early sowing, high prices, low growing costs) can go 
some way towards mitigating the risks of profitable canola production.  Timing of the opening rains or 
sowing (before end of May in medium rainfall and before end of April in low rainfall locations) and level 
of stored soil water at sowing (more than 20 mm) are indicators that could be used to trigger the 
sowing of canola on an opportunistic basis in the low and medium rainfall zones.  Such strategies will 
be necessary to avoid the possibility of canola disappearing as a permanent feature of cereal 
dominated cropping systems in WA and the attendant of negative consequences such as increase of 
weeds and diseases. 
KEY WORDS 
crop model, yield, profitability, probability 
Project No.: CSP293 
Paper reviewed by: Bill Bowden, Graham Walton 
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Future directions of blackleg management – 
dynamics of blackleg susceptibility in canola 
varieties 
Ravjit Khangura, Moin Salam and Bill MacLeod, Department of Agriculture and 
Food, Western Australia 
KEY MESSAGES 
• Crown canker severity arising from exposure to stubble borne ascospores was significantly 
reduced in 6 leaf or older plants compared to cotyledonary to 4-leaf plants. 
• The susceptibility period may vary in regions and seasons depending on sowing times. 
• Avoidance of peak ascospore shower activity in young canola through manipulation of sowing 
date can reduce risk of severe blackleg. 
AIMS 
The primary aim of this research was to improve blackleg management strategies through enhancing 
our understanding of blackleg x environment interactions.  Experiments were conducted to determine 
the dynamics of crown canker susceptibility of canola to blackleg.  
The ascospores of blackleg infect leaves of canola plants to cause lesions, and the fungus grows from 
these lesions systemically down petioles to infect the stem bases and causes crown cankers in late 
spring.  The initial understanding of age related resistance was that early seedling infections lead to 
the development of crown cankers whereas infection of adult plants does not lead to development of 
crown cankers as resistance in older plants prevents systemic invasion of the leaf petioles.  However, 
the precise susceptibility window of current canola varieties is yet unknown.  This information on the 
onset of age related resistance on the expression of crown cankers together with forecasting the onset 
and dynamics of blackleg spore showers would help in better quantifying the risk of blackleg and 
consequently better aligning management strategies with the risk of yield loss.  
METHOD 
Two canola varieties ATR Stubby and ATR Beacon (WA blackleg resistance rating of 4 and 6 
respectively) were sown at South Perth.  The varieties were sown in 2 metre rows, each at a range of 
dates in order to obtain different growth stages of plants for inoculation.  The first time of sowing was 
3 May 2006 followed by five sowings at two-weekly intervals.  All plants in the six different growth 
stages viz., 1 (cotyledon), 2.3 (3-leaf), 2.4 (4-leaf), 2.6 (6-leaf), 4.1 (first flower open) and 4.3 (lower 
pods starting to fill) were simultaneously exposed to blackleg ascospore inoculum on 7 August 2007 
by evenly distributing infected stubble between the rows.  The number of plants showing blackleg leaf 
spotting was counted for each growth stage three weeks after inoculation.  Per cent plant population 
with leaf spotting was calculated.  The severity of crown cankers was assessed at the end of the 
season at growth stage 5.4 (seeds in lower pods brown) on a 0-5 rating scale (0:  no disease, 1:  -25% 
crown circumference girdled; 2:  26-50% crown circumference girdled, 3:  51-75% crown 
circumference girdled, 4:  75-100% crown circumference girdled, 5:  plant lodged or broken at the 
crown).  The per cent disease index (PDI) of crown cankers was calculated for each growth stage. 
The experimental design was a randomised block with four replications.  The data for per cent of 
plants with leaf spotting was subjected to square root transformation before analysis in order to 
stabilise variance.  Treatment effects were compared after analysis of variance using Genstat Release 
9.1. 
RESULTS 
There was no significant (P = 0.09) effect of growth stage on per cent plants with leaf spotting 
(Figure 1).  This indicates that canola leaves at all growth stages are equally susceptible to blackleg.  
However, there was a significant effect of variety on per cent plants with leaf spotting, Beacon having 
a significantly higher incidence of leaf spotting than Stubby.  There was no interaction between growth 
stage and variety.  
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Plants which were seedlings at the time of infection expressed more severe crown cankers at the end 
of the season than older plants (P < 0.001).  However, there was no interaction between variety and 
growth stage.  The average per cent disease severity (PDI) of crown cankers was significantly highest 
when plants were exposed to inoculum at cotyledon up to 6-leaf stages compared with the plants at 
flowering and podding stages (Figure 2).  Interestingly mild to severe crown cankers were still 
produced in some plant populations when plants were exposed either at flowering or podding stage.  
Although Beacon is more resistant to expression of crown cankers, there were significantly more 
plants with leaf spotting in Beacon than in Stubby.  However, the final severity of crown cankers was 
not significantly different in the two varieties.  This indicates that the incidence of plants with leaf 
spotting is necessarily not an indicator of crown canker severity at the adult stage.  
CONCLUSION 
The three key elements in blackleg management remain the use of resistant varieties, reducing the 
risk of spore showers and application of fungicides.  However, we have gained further insight into the 
disease x environmental interactions through the recent research on canola blackleg.  The research 
highlighted that canola is more susceptible to blackleg up to 6-leaf stage, however, the length of this 
susceptibility window may vary in different regions and with different sowing times.  For example a 
crop sown during end of May to mid June may remain susceptible for up to 10 weeks or more 
compared with crops sown during early to mid May period.  Therefore, protection from blackleg in high 
disease pressure situations and particularly for the late sown crops may be required for longer periods 
for moderately susceptible to moderately resistant varieties.  
Development of Blackleg Sporacle model has been a significant leap towards defining regional risk of 
blackleg through predicting the onset of blackleg spore showers.  However, the effect of seasonal 
conditions on onset of ascospore maturity, ascospore discharge pattern and consequently yield loss, 
needs to be investigated.  Future blackleg models forecasting on regional disease dynamics and its 
impact on yield, may help growers in better understanding the risk of blackleg and consequently 
applying appropriate cost-effective strategies in managing blackleg disease.  
KEY WORDS 
blackleg, canola, Blackleg Sporacle, disease management 
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Figure 1. Per cent plants with leaf spotting observed three weeks after inoculation for canola plants 
exposed to blackleg ascospores at different growth stages.  (Original data presented, the data 

























Figure 2.  Per cent disease index of crown cankers when canola plants at different growth stages were 
exposed to blackleg ascospores. 
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Appendix 1:  Contributors 
Research reported here has been conducted by a wide range of people from several institutions in 
WA.  The Grain Legume projects at DAFWA has taken the lead in developing and editing this book.  
Telephone numbers and e-mail addresses for principal authors of articles have been listed to 
encourage interested readers to contact the authors for further information.  In some cases, the results 
presented in this book are only preliminary and will be analysed in more detail throughout the year.  
CONTACT DETAILS OF PRINCIPAL AUTHORS 
Name Organisation Phone E-mail 
Boersma, Jeffre Department of Agriculture and Food 9368 3108 jboersma@agric.wa.gov.au 
Bowers, Helen CLIMA, UWA 6488 7193 hbowers@cyllene.uwa.edu.au 
Buirchell, Bevan Department of Agriculture and Food 9368 3953 bbuirchell@agric.wa.gov.au 
Clarke, Heather CLIMA, UWA 6488 1647 hclarke@cyllene.uwa.edu.au  
Coffey, Rory ALOSCA Technologies Pty Ltd 6278 4122 rorycoffey@alosca.com.au 
Ellwood, Simon Murdoch University 9360 6323 s.ellwood@murdoch.edu.au 
French, Bob Department of Agriculture and Food 9081 3126 bfrench@agric.wa.gov.au 
Harries, Martin Department of Agriculture and Food 9956 8553 mharries@agric.wa.gov.au 
Jayasena, Vijay Curtin University of Technology 9266 7530 v.jayasena.curtin.edu.au 
Khan, Tanveer Department of Agriculture and Food 9368 3602 tkhan@agric.wa.gov.au 
MacLeod, Bill Department of Agriculture and Food 9690 2172 bmacleod@agric.wa.gov.au 
Maling, Tim CLIMA, UWA 9368 3667 tmaling@cyllene.uwa.edu.au 
Nasar-Abbas, S.M. UWA 6488 2418 abbass01@cyllene.uwa.edu.au 
Nelson, Matthew UWA 6488 3671 mnelson@plants.uwa.edu.au 
Parker, Wayne Department of Agriculture and Food 9956 8511 wparker@agric.wa.gov.au 
Phan, Huyen Murdoch University 9360 6323 h.phan@murdoch.edu.au 
Prince, Rohan Department of Agriculture and Food 9368 3210 rprince@agric.wa.gov.au 
Pritchard, Ian Department of Agriculture and Food 9690 2158 ipritchard@agric.wa.gov.au 
Regan, Kerry Department of Agriculture and Food 6488 1983 kregan@agric.wa.gov.au 
Riethmuller, Glen Department of Agriculture and Food 9081 3146 griethmuller@agric.wa.gov.au 
Salam, Moin Department of Agriculture and Food 9690 2150 msalam@agric.wa.gov.au 
Seymour, Mark Department of Agriculture and Food 9083 1143 mseymour@agric.wa.gov.au 
Si, Ping CLIMA, UWA 6488 1233 pingsi@cyllene.uwa.edu.au 
Siddique, Kadambot Institute of Agriculture, UWA 6488 7012 ksiddique@fnas.uwa.edu.au 
Smith, Leigh Department of Agriculture and Food 9368 3477 ldjsmith@agric.wa.gov.au 
Sweetingham, Mark Department of Agriculture and Food 9368 3298 msweeting@agric.wa.gov.au 
Thomas, Geoff Department of Agriculture and Food 9368 3262 gthomas@agric.wa.gov.au 
White, Peter Department of Agriculture and Food 9368 3508 pfwhite@agric.wa.gov.au 
Yang, Huaan Department of Agriculture and Food 9368 3557 hyang@agric.wa.gov.au 
Note: Not all details of contributors were present at the time of printing.  For further information 
please contact the editor, Wayne Parker. 
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Appendix 2:  List of common acronyms 
Acronym Full name 
AARI Aegean Agricultural Research Institute 
ACCIP Australian Coordinated Chickpea Improvement Program 
ACIAR Australian Centre for International Agricultural Research 
AFLP Amplified Fragment length polymorphism 
AFPIP Australian Field Pea Improvement Program 
ALC Australian Lupin Collection 
AMV Alfalfa Mosaic Virus 
ARC Australian Research Council 
ARWA Agricultural Research Western Australia 
ATFCC Australian Temperate Field Crops Collection 
BARI Bangladesh Agricultural Research Institute 
BGM Botrytis grey mould 
CAR Central Agricultural Region 
CBH Cooperative Bulk Handling 
CICA Coordinated Improvement of Chickpeas Australia  
CIPAL Coordinated Improvement Program for Australian Lentils 
CLIMA Centre for Legumes in Mediterranean Agriculture 
CMV Cucumber Mosaic Virus 
COGGO Council of Grain Growers Organisation 
GSARI Great Southern Agricultural Research Institute 
CVT Cultivar Variety Testing 
DAFWA Department of Agriculture and Food, Western Australia 
DPI Department of Primary Industries 
DSS Decision Support System 
ELISA Enzyme-Linked Immunosorbent Assay 
GPWA The Grain Pool of Western Australia 
GRDC Grains Research and Development Corporation 
GSPGA Great Southern Pulse Grower Association 
HI Harvest Index 
IARI Indian Agricultural Research Institute 
ICARDA International Centre for Agricultural Research in the Dry Areas 
ICRISAT International Centre for Research in the Semi-Arid Tropics 
ORIA Ord River Irrigation Area 
NAR Northern Agricultural Region 
NARC Nepal Agricultural Research Council 
NBS National Bureau of Standards 
NFBIP National Faba Bean Improvement Program 
NVT National Variety Testing 
PASE Pulse Association of the South East 
PBR Plant Breeding Rights 
POLA Pulse, Oilseed and Lupin Association 
PSbMV Pea Seed-Borne Mosaic Virus 
RIRDC Rural Industries Research and Development Corporation 
RLN Root Lesion Nematode 
RSU Research Support Unit 
RUE Radiation Use Efficiency 
SAR Southern Agricultural Region 
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Acronym Full name 
SARDI South Australian Research and Development Institute 
SEPWA South East Premium Wheat Association 
SPIRIT Strategic Partnerships with Industry Research and Training 
USDA United States Department of Agriculture 
WAHRI Western Australian Herbicide Resistance Initiative 
WANTFA Western Australian No-Tillage Farmers Association 
WUE Water Use Efficiency 
 
FOCUS ON FIELD PEAS – MEDIA 2005 
Prepared by Lisa Bertram, senior media liaison officer 
 
The ‘Focus on Field Peas’ media promotion during the 2005 growing season was 
successful, following on from the campaign in 2004. The campaign had two basic 
arms of promotion – paid advertising and media releases. 
 
The advertisements were generally well placed in the Early General News 
section and achieved the desired outcome. The media releases which followed 
were also published in relevant regional press and were promoted by broadcast 
(radio) media.   
 
 
PRESS ADVERTISING  
 
A series of eight press advertisements were scheduled to run in Countryman 
over a three month period from July to October.  The 20 cm x 4 column 
advertisements were placed fortnightly to maintain a presence in the paper over 
the key period.   
 
They included:  
 
1. Advice rolls on for new field pea growers  
2. Feed stock field peas 
3. Rotational benefits of field peas 
4. Good markets for field peas 
5. Pea weevil model for WA 
6. Kaspa is not for everyone 
7. Harvesting Kaspa different to trailing types 
8. Field peas prevent wind erosion 
 
The aim of the advertisements was to promote key information about growing 
field peas targeting new growers to ensure they get the best out of their crops.  
This followed on from the general promotion in 2004 to encourage growers to try 
Kaspa and resurrect the industry in WA. 
 
The ads were designed to look like professional advice/opinion columns from 
Department researchers as opposed to paid advertisements.  This meant 
matching the font type and size, and headline style of other Countryman articles.  
They also all featured a byline to provide continuity and a colour photograph to 
draw in readers.   
 
Impact: 
In most instances the advertisements were well placed on cropping pages or in 
early general news to complement other related news articles.  Where they 
appeared on less relevant pages such as livestock – they lost some impact and 
looked out of place.  This only occurred once.   
The size of the ads was increased in 2005 from a 20cm x 3 col to 20cm x 4 col, 
and this allowed for the same amount of information, but more importantly larger 
photos.  Most of the photos were good quality and relevant, but it is clear the best 
photos were those that were a little different (eg big roller), included people (eg 
markets) or in one case animals (sheep feeding on field peas).   
 
BROADCAST ADVERTISING  
 
Radio West’s Rural Focus program was again utilised to further promote the key 
field pea topics as featured each fortnight in the press advertisements.   Rural 
Focus producer Vin Dawes broadcast interviews with the Department’s field pea 
team to coincide with the placement of the ads. 
 
Impact: 
The Radio West interviews complemented the press campaign.  Although the 
interviews were a form of paid advertising, the information was presented as 
news not advertising.  In this way the Department controlled the message but 




MEDIA RELEASES  
 
Based on advertisements 
Once the advertisements had appeared in Countryman each fortnight they were 
revised and repackaged as media statements (see above list).  The statements 
and accompanying photos were distributed to the regional press throughout the 
grain belt and broadcast media including ABC rural and ABC Country Hour.   
 
An additional media release  - India looks to Kaspa to meet field pea demand, 
was not part of the advertising series but helped close the promotion by 
highlighting the efforts to find markets for the increased production. 
 
Impact:  
The Department’s media monitoring has captured 33 hits mainly on print media 
and some broadcast media.  This is a dramatic improvement on the take-up of 
media statements in 2004 where only nine hits were recorded.   
 
FPF Advertorial/Press release Also appeared in 
1. Advice rolls on for new field 
pea growers  
1. Esperance Express 21/7/05,  
2. Farm Weekly 4/8/05 
3. , Narrogin Observer 3/8/05 
4. Countryman 28/7/05 
5. Great Southern Herald 27/7/05 
6. Central Midlands & Coastal 
Advocate 21/7/05,  
2. Feed stock field peas 7/7/05 1. ABC Albany 22/7/05 
2. Central Midlands & Coastal 
Advocate 21/7/05 
3. Wagin Argus 21/7/05 
4. Merredin-Wheatbelt Mercury 
10/8/05 
5. Esperance Express 28/7/05 
6. Farm Weekly 28/7/05 
7. Midwest times 20/7/05 
8. Great Southern Herald 20/7/05 
 
3. Rotational benefits of field 
peas 22/7/05 
1. Great Southern Herald 10/8/05 
2. Merredin-Wheatbelt Mercury 
10/8/05 
3. Wagin Argus 4/8/05 
4. Good markets for field peas 
2/8/05 
1. Esperance Express 1/9/05 
2. Great Southern Herald 31/8/05 
3. Narrogin Observer 31/8/05 
4. Central Midlands & Coastal 
Advocate 25/8/05 
5. Farm Weekly 25/8/05 
6. Mid-West Times 24/8/05 
7. Geraldton Guardian 22/8/05 
5. Pea weevil model for WA 
19/8/05 
1. ABC Kalgoorlie 9/9/05 
6. Kaspa is not for everyone 
2/9/05 
 
7. Harvesting Kaspa different to 
trailing types 14/9/05 
 






2006… WHERE TO FROM HERE 
 
The Field Pea campaign has matured and will probably be due to move to a new 
phase in 2006 to build on the solid groundwork in 2004 and 2005.  Changes to 
the Government Media Office requirements for advertising will prohibit the same 
style of advertising campaign as used in the past two years.  All press 
advertisements must now carry logos, use 7 point font, have a watermark 
through it and be presented in two columns.  This would not achieve the desired 
outcomes of a field pea promotion.  
 
 
Prepared by Lisa Bertram, media liaison, Public Affairs Unit.  
The Chief Executive Officer of the Department of Agriculture and the State of Western Australia accept no liability whatsoever
by reason of negligence or otherwise arising from the use or release of this information or any part of it.
Important Disclaimer
For more information visit our web site www.agric.wa.gov.au
No. 14/2005
The information within this Technical Update needs to be
read in addition to Bulletin No. 4569 “Successful field pea
harvesting”. Modifications to machinery may void
warranty or insurance, check before proceeding.
Semi-leafless field pea varieties like Kaspa, Yarrum,
Moonlight and Snowpeak have a substantially improved
structure for harvesting compared with trailing types such
as Dundale or Parafield. In most conditions Kaspa will
stand better at harvest than trailing type varieties.
Nevertheless, for ease of harvesting, particularly in
circumstances where semi-leafless peas may lodge, it is
important to prepare paddocks prior to and after sowing
to ensure a clean level paddock for harvesting.
Some semi-leafless peas including Moonlight and Kaspa
have a sugar pod trait that reduces pod- shatter. Other
lines such as Excell and Snowpeak do not have a sugar
pod trait and are more likely to shed seed if left to stand
in the paddock for extended periods once mature or if
they are handled roughly at harvesting. The combination
of reduced lodging, improved pod-height and reduced
pod-shatter available in semi-leafless lines like Kaspa
and Moonlight results in lower losses in the paddock and
a cleaner sample.
Kaspa, like cereals, may be harvested above ground
level, even where it has lodged. This is because most
pods are formed near the top of the plant.
Semi-leafless lines like Kaspa tend to be airy or fluffy at
maturity, i.e. they have a large volume-to-weight ratio
and this may result in a build-up of material on the front
of the header. This is common on draper–belt fronts, but
has also been observed when Kaspa was harvested with
a conventional header with a plucker front.
This farmnote summarises when and how to harvest
semi-leafless field peas, and provides some guidelines
for relatively inexpensive modifications to existing
machinery, which can make the harvesting of semi-
leafless field peas like Kaspa no greater a task than
harvesting cereals.
When to Start
The moisture receival standard for field peas is 14.0%.
The crop can be safely harvested at 16% moisture and,
if left in a stack, the seed will dry out naturally. Harvesting
at 14 to 16% moisture will have no effect on seed viability
and the grain will be less prone to mechanical damage
during handling.
Field peas can lose seed moisture rapidly and will be
more prone to damage below 12% moisture. Therefore
do not delay the harvest of seed crops any longer than
necessary.
Semi-leafless field pea varieties which have the sugar
pod trait have been found to be best harvested in warm
conditions. In cool damp weather the vine can be hard
to thresh and choppers and spreader efficiency is
reduced.
Desiccation
Field peas may be crop-topped at 75% brown pods. The
canopy of semi-leafless field pea is likely to be taller and
some ‘tow-behind’ boomsprays may not have sufficient
clearance height to be effective.
Windrowing
The swaths of semi-leafless field peas are much more
stable in windy conditions than swaths of trailing types
such as Dundale. Field peas may be swathed at 50 to
75% brown pods provided the crop has grown enough
to form a dense heavy swath with expected yields
greater than 1.5 t/ha. It may be possible to delay
swathing varieties with the sugar pod trait, as pod-loss
is much reduced in these varieties. It is essential to roll
the swath immediately after swathing to minimise
movement of the swath by the wind.
Successfully harvesting semi-leafless
field peas
Mark Seymour, Ian. Pritchard, Glen. Riethmuller, Rodger. Beermier, Department of Agriculture, Western Australia
Figure 1. Open fronts with table augers (tin fronts) fitted with
finger tine reels and lifters are well suited to harvesting Kaspa
To reduce weed seed set in bulk crops use a slow-acting
herbicide such as Glyphosate at 1.0 L/ha approximately
three days before swathing. Avoid the use of Gramoxone
or Reglone prior to swathing because the quick action of
these desiccants may reduce seed size, seed viability
and ultimately yield. Similarly avoid swathing or crop-
topping seed crops earlier than 75% brown pods,
because seed viability may be reduced.
Suggested modifications to existing
harvesters
Conventional Headers with a Conventional
Front
Conventional headers with table auger fronts and lifters
work well in semi-leafless crops yielding 1.0–1.3 t/ha.
The make of the crop lifter is a personal choice and may
depend on what is readily available or type of header in
question. In general heavier lifters tend to disturb more
soil than lighter lifters.
Finger tine reels are also suggested. Conventional
headers fitted with bat reels harvested Kaspa crops
successfully in 2004, but harvest speed was reduced to
only 4–6 km/h.
Lupin breakers are also suggested to increase the
aggressiveness of the table auger.
Conventional Headers with a Plucker Front
Conventional headers with table auger fronts either
with barrel/cylinder-type pluckers (Smale) or belt-type
pluckers (Knuckey) are able to harvest semi-leafless
field peas, however blockages and losses can be high
when growers attempt to harvest at speeds greater
than 6 km/h. Pluckers perform best as the temperature
increases during the day as the peas are more easily
plucked from the ground.
Header set-up and modifications appear to determine
harvest speed. For example:
• Sund plucker without reel: 4–5 km/h.
• Smale-type plucker, lupin breakers fitted to table
auger: 6 km/h (the crop could not be harvested
without lupin breakers).
• Smale-type plucker with a 380 mm (15 inch) diameter
raised cross auger above table auger: 9–11 km/h.
Headers with Draper–Belt Fronts
Headers with draper–belt fronts appear to have the
greatest difficulty in successfully harvesting semi-
leafless peas due to the large volume to weight ratio
resulting in the harvested material sitting on top of the
belts and not feeding across into the broad elevator.
This is especially so with fronts which rely on gravity to
feed material into the broad elevator (the feeder house
auger set well back and low). Harvested material
requires to be aggressively pulled into the broad
elevator, e.g. the feeder house auger set well forward,
fitting retractable fingers on the broad elevator auger
which is extended, fit the auger with lupin breakers, fit
paddles on the cross auger, etc.
As a general comment any modification which creates
downward pressure on the harvested material or uses
force to move the harvested material will help material
feed into the broad elevator.
Raised cross augers: cross augers set above the belts
on the draper fronts alone do not work well in good
growth or low yield crops.
Raised cross augers with paddles: replacing or adding
paddles to the auger flighting in the centre improves the
flow of harvested material feeding into the broad
elevator. Feedback from those who have fitted them has
been very positive. Paddles could be metal fins or even
heavy rubber belting. This may also be worth fitting to
swathers.
Wire fence: one or two lengths of fencing wire across the
length of the draper front strung above and at the back
of the front. Experiences have varied widely from very
poor to adequate. It is considered an unreliable approach
on its own, however, wire or rods may be a useful
addition to raised cross augers to stop harvested
material from going over the rear of the table when
material gets behind the cross or table auger. Again the
size and speed of the operation will determine the
relative success of this modification.
Adjusting reel speed and angle, can improve things, i.e.
from only stopping every 100 m and not 50 m, but it will
not change a poor setup into a good one.
Swathing
A number of growers in the Esperance region in
particular have persisted with swathing due to the size
of their field pea program. Swathing semi-leafless field
peas presents similar problems harvesting with a draper
front harvester but it is not quite as bad due to slightly
heavier plants at swathing.
Grower remedies subsequently were also the same, i.e.
cross-top augers, cross-top augers with paddles and one
suggestion yet to be tried, a top belt near the exit hole of
the draper.
All field pea swaths must be rolled with a cotton reel/
canola roller. Field pea swaths can be very bulky so
adjust swath width and weight of roller to produce a
stable swath.
Semi-leafless field peas like Kaspa make an excellent
swath – much better than conventional trailing varieties
like Dundale and Parafield. There is less risk of blowing,
for example, the Esperance region experienced strong
winds in 2004 and the only material that moved was
where willy-willies had moved through paddocks and
even then the swath moved out of line but no appreciable
losses were experienced. Comments from growers were
that Kaspa swaths were as stable or even more stable
than cereal swaths.
The only risk which is foreseen with swathing semi-
leafless field pea is possible quality problems due to an
extended period of wet weather as the swaths hold onto
moisture more than the swaths of cereals.
Flexfronts
Reports on harvesting Kaspa at Esperance with a
flexfront were very positive. We would not expect too
many problems with this type of front as it is widely used
in Canada where semi-leafless field pea varieties similar
to Kaspa dominate.
Figure 2. Swathing Kaspa with self-
propelled draper swather, Wittenoom
Hills, 2004
Figure 3. Cotton reel roller squashing
Kaspa swaths, Wittenoom Hills, 2004
Figure 4. Picking up Kaspa swaths,
Wittenoom Hills, 2004
Figure 5. Barrel plucker attached to
open front. The farmer has removed
batts from reel and added spirals to the
380-mm barrel to make a very effective
cross auger
Figure 6. Barrel plucker with cross
auger harvesting Kaspa at 9-11 km/h,
Coomalbidgup, 2004
Figure 7. Similar barrel plucker with
lupin breakers fitted to table auger.
Harvesting was slower at 6 km/h
Figure 8. Moving the broad elevator
auger forward can  improve feeding of
light material into harvester
Figure 9. Wire across draper fronts
can improve flow of material in light
crops. It is an unreliable method on its
own but may be a useful addition
behind cross augers
Figure 10. Cross augers and adding
paddles to the centre section can
improve the flow of light material on
draper fronts
Figure 11. Adding paddles to the centre
section of the cross auger improves the
flow of material into the harvester
Figure 12. Draper front fitted with cross
augers and paddles harvesting Kaspa
at Wittenoom Hills, 2004
Figure 13. Problems of harvesting
Kaspa with a tin front and plucker in
2003.
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Raised  cross auger
Raised cross auger with
paddles on middle section
Lupin breakers
Position of broad elevator
feeder house auger
Stripper plate
Flexible fingers above plucker
Wire fence across back of fronts
Crop dividing coulters












At beginning of program
Essential
Tilted back slightly to assist
lifting of material
1.1 times ground speed
Not required in most crops
Not required in most crops







Easy to thresh 10-25 mm
60-75%
Crop is likely to pick up dirt,







Warm conditions – sugar pod plant trait makes the
vines ropey and hard to thresh and chop in cool damp
conditions
Harvest may be delayed provided pea weevil
management and marketing is not compromised
May be possible to remove lifters if crop is upright,
resulting in less dirt in sample
Set in vertical position to force material down and onto
draper fronts
1.0 to 1.3 times ground speed
Essential for draper fronts
Improves speed of harvest of pluckers
Essential for draper fronts
Useful addition to raised cross auger for draper fronts
and table auger for conventional fronts
Essential addition for table auger of plucker fronts if no
raised cross auger fitted
Moving the feeder house auger forward may reduce
blockages
Thought to be a useful addition to stop material
building up behind raised cross augers and going over
the rear of the table
Useful addition
May assist in light crops but not a reliable method
compared to raised cross auger fitted with paddles




Ensure concave wire gaps are at least 7mm and not
blocked. The extra time taken for the increased dry
matter to be threshed when sieves are blocked may
lead to seed damage.
60-75%
Correct screen size is required or damage will occur
due to increased threshing time
20-25 mm
10-15 mm
Essential due to the ropey nature of the vine
# Not suitable for semi-leafless peas which do not possess the sugar pod trait.
For more information visit our web site www.agric.wa.gov.au
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 Important Disclaimer
The decision to swath a field pea crop should only 
be made after considering the relative merits and 
disadvantages of swathing. Swathing is likely to be of 
most advantage to growers with only one harvester 
and large areas sown to field pea, or if they are poorly 
set-up for direct harvesting.
In recent years, semi-leafless varieties with the sugar 
pod trait (e.g. Kaspa and Moonlight) have been found to 
be well suited to swathing. The swaths are much more 
stable than conventional trailing types (e.g. Dundale 
and Parafield) as the tendrils lock together and the 
sugar pod trait reduces pod shatter or pod loss. Semi-
leafless lines that do not have the sugar pod trait, such 
as Excell and Snowpeak, are less suited to swathing, 
particularly at more mature stages, as they are more 
likely to shed seed.
In general, swathing conventional trailing peas (Dundale, 
Parafield etc.) is not recommended as the swath is 
susceptible to being disturbed by the wind. Heavy 
swaths formed by windrowing conventional trailing peas 
with an expected yield of at least 1.5 t/ha are less likely 
to be disturbed by strong wind events.
Benefits of swathing:
• Improves quality of harvested grain
− Reduces soil contamination of grain due to 
reduced lodging, less earth tag (soil that sticks 
to pods and stems), with dirt or stones picked 
up often falling out of the swath
• Reduces harvester maintenance costs
− Rocks and roots often fall out of the swath, or if 
observed can be manually removed
− Less earth tag reduces wear rates
• Increases the time available for harvesting of field 
pea
− Field pea can be swathed before they are ready 
to be direct harvested
− Field pea can be swathed when all crops are too 
wet to direct harvest
− Swaths can be picked up at any time – day or 
night
• Swathing may reduce seed set of weeds
Disadvantages of swathing:
• Swathing is another operation and cost
• In wet conditions, both seed quality and yield may 
be at risk due to the swaths retaining moisture. In 
Canada, where the swathing of field pea and wet 
harvests are more common, growers resort to turning 
over damp field pea swaths in order to maintain seed 
quality
• Croptopping may be compromised because the timing 
of swathing and croptopping may not coincide
Swathing semi-leafless field pea
by Mark Seymour and Ian Pritchard
 Note 109
Timing of swathing
When to start swathing
Snowball (1986) conducted a number of experiments on 
field pea swathing in the 1980’s from which guidelines 
for the timing of swathing were established. Field pea 
can be successfully swathed from when 50% of the 
crop is still green or yellow and 50% of crop is brown 
(Photo 1). This often equates to an average seed 
moisture content (SMC) of 40–45%, with 60% of seed 
still large and moist and the remaining 40% of seed 
small and dry (SMC less than 25%) – see Figure 1 and 
Photo 1. Kaspa field pea crop ready to swath with 50% brown pods
Table 1. If the crop is swathed too early, seeds will not 
fill properly and yield may be lost. Swathing too early 
may also increase the proportion of green cotyledons 
which can cause problems at delivery as milling peas 
cannot have more than 1% of poor coloured seed. If 
swathing is delayed until full maturity there is a greater 
risk of pod-shattering particularly in those varieties 
without the sugar pod trait.
The suggested time to commence swathing, 50% 
maturity (average SMC of 40–45%), is earlier than the 
75% maturity (average SMC less than 30%) suggested 
for croptopping field pea. Growers must therefore 
assess the cost of a reduced field pea yield with the 
benefits of reducing weed seed set. To minimise yield 
loss, growers committed to reducing weed seed set by 
croptopping should use glyphosate, rather than diquat 
or paraquat. Alternatively, growers may choose to wait 
until the crop is at 75% maturity before croptopping 
and swathing. Swathing itself may reduce the seed 
set of weeds depending on the species of weed and 
the growth stage of the weed when it is swathed. In 
many instances, growers will need to use follow up non 
selective sprays over the paddock to stop regrowth or to 
minimise the seed set of weeds particularly if the heads 
of the weeds are below the swathing height.
When to stop swathing
Semi-leafless field pea varieties which possess the 
sugar pod trait such as Kaspa and Moonlight may be 
successfully swathed at later stages (75–100%) of 
maturity. Field pea varieties that do not possess the 
sugar pod trait may experience significant shattering 
if swathed at later stages of maturity. Growers have 
successfully swathed mature crops directly in front 
of the harvester under cool and damp conditions. 
If shattering becomes excessive whilst swathing, 
then cease operations and direct harvest the crop. 
Alternatively, stop swathing and return when conditions 
are cooler.
Figure 1. Pods, seed coat and cotyledons of Kaspa at a range of seed moisture content (%)
Table 1. Guide to cotyledon colour and seed moisture
 Seed size Cotyledon colour of Kaspa Seed moisture content Comment 
   (SMC %) 
 Large   > 50 Seeds in pods squash easily
 Large    40–50 Time to start swathing
   
    25–40 Rapid drying
 Small   12–25 Seeds difficult to dent with thumbnail
 Small   < 12 Seeds are hard
to alter the reel so the fingers are flatter and set to push 
the crop slightly downwards rather than lifting. A raised 
cross-auger fitted above the belt on the draper front 
may also assist in reducing piling in dry crops. However, 
when the crop is green, the plant material often wraps 
around the raised cross-auger and it may be best to 
remove it.
It is important to match swath bulk and width to 
the capacity of the swather, rollers and subsequent 
harvester. In very well grown high yielding crops (greater 
than 2.0 t/ha) the swath width may need to be narrowed 
so that the roller and harvester can deal with the large 
amount of material in the windrow. Similarly for offset 
discharge drapers, a full width cut may be too large 
and hinder the flow of material across the belt to the 
side exit.
In 2003, when crops grew well but a dry spring limited 
yield, the flow of material out of the exit hole of drapers 
created problems. In most other years a greater 
proportion of seed to tops will ensure a better flow of 
material. At least one grower has fitted a canvas shroud 
just behind the exit of a self-propelled swather, which 
improves the flow of material. The rollers used behind 
the exit hole of offset drapers may assist the flow of 
material (Photo 4).
Photo 2. Self-propelled swather
Photo 3. Extensions in the middle of the cotton reel roller improves the rolling of bulky field  
 pea crops
Rolling of swaths
To minimise movement of the swath 
by the wind, field pea swathed at 
50% maturity (i.e. 50% of pods 
brown) must be rolled as soon 
as possible, ideally immediately 
after the swather. Wind tends to 
get under the start and end of 
runs, causing the swath to move. 
Keeping runs as long as possible 
will minimise wind damage.
Canola rollers work well on wind-
rows of crops yielding up to 2 t/ha. 
In very well grown crops with an 
anticipated yield above 2 t/ha it 
may be necessary to make the roller 
wider by adding centre extensions 
(Photo 3). The shape of canola 
rollers may not be suitable for 
be required or the lifters may have to 
be removed to allow the cutter bar 
below the lowest pod.
It is best to swath or direct head a 
lodged pea crop at right angles to 
the direction to which the crop is 
laying.
Where possible, adjust the swather 
table to enable the cutter bar to 
be close to the ground and the 
crop to come off the draper evenly. 
Adjustment of the pick-up reel, 
backward or forward, may alleviate 
piling problems. As swathing is 
delayed and the crop dries out, it is 
more likely to pile up on the knife and 
belts. It may therefore be necessary 
Machinery
Modifications to machinery may void warranty or insurance, 
check before proceeding.
Growers have swathed field pea with self-propelled 
swathers (e.g. John Deere fitted with Honeybee swathing 
front, Case and John Deere fitted with MacDon swathing 
front, Case fitted with Case swathing front) and also 
used headers with offset or side release drapers (e.g. 
New Holland fitted with Honeybee swathing front). All of 
which had either steel or plastic finger-tine reels. If a batt 
reel is used, attaching rubber flaps is recommended to 
prevent bulldozing the crop at the cutter bar. Snowball 
(1986) used a tow-behind PTO swather and noted far 
wheel drag to be a problem which may be overcome 
by motorizing the far wheel, or joining the far end of 
the swather to the front of the tractor using rope, metal 
cable or chain with a spring section.
Swathers are normally fitted with lifters at 30 cm 
spacings. Lifters may have to be spaced closer (15 cm) 
for short, thin crops. In thick, well-grown crops, growers 
have successfully swathed field pea without lifters which 
reduces the amount of soil brought onto the belts. 
However, on gravel soils, lifters may be necessary to 
allow small buckshot gravel to fall out of the crop as it 
is picked up. If the crop is very short, shorter lifters may 
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lighter field pea wind-rows with an expected yield less 
than 1.2 t/ha as the edge diameter may be too large, 
and a flatter roller, like a tyre roller, may work better. 
Shedding has not been a problem when Kaspa swaths 
have been rolled with a rubber tyre roller.
On side-release swathers, some growers have fitted 
a fluted roller directly behind the exit hole enabling a 
one-pass swathing operation (Photo 4).
Harvest
Field pea can be safely harvested at 16% moisture and 
the grain will naturally dry out in an open stack or shed 
floor without any need for specialist aeration equipment 
prior to delivery. This allows a longer period over which 
wind-rows can be picked up as it can be done in cool 
and damp weather when most other crops cannot be 
harvested and facilitates picking up the windrows at 
night. Sugar pod varieties, however, may be harder to 
thresh and chop than other varieties in cool weather.
Conventional pick-up fronts can be used to harvest 
the swaths.
Seed crops
For grain to be retained as seed it is important to have 
good seed germination. Snowball (1986) showed the 
germination percentage of field pea was not adversely 
affected when the crop was swathed as high as 60% 
SMC. Therefore seed can be kept from swathed crops 
provided growers swath no earlier than the suggested 
time (50% crop maturity, average SMC 40–45%).
Seed crops should not be croptopped/desiccated with 
glyphosate as it can reduce the germination and vigour 
of seed.
Seed should be at 13% SMC prior to storing in sealed 
silos.
All seed should be tested by a certified laboratory prior 
to planting. Consider buying new seed if the germination 
test is less than 80% as the seed may lack vigour or if the 
level of blackspot infection on seed exceeds 15%.
Reference
Snowball, R. (1986). Department of Agriculture Western 
Australia Division of Plant Research Technical Report 
No. 4, 1–122.
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Photo 4. Fluted roller fitted near the exit hole of a side-release swather
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 Important Disclaimer
Many farm operations rely on a clear understanding 
of the stage of crop development. This Farmnote 
describes some key growth stages of field pea which 
will aid growers and their advisers in determining the 
appropriate timing for the application of herbicides, 
croptopping, swathing and harvest.
Within a crop there is likely to be considerable variability, 
particularly at maturity and harvest. Therefore, it is often 
necessary to estimate either the average or majority 
development stage of a crop. At first this is best done 
numerically, but with experience it can be estimated 
by eye.
Know your nodes!
Counting the number of nodes on the main stem of 
field pea is the key to safely applying herbicides (Table 
1). It is the system researchers around the world use 
when testing new herbicides and the system most 
labels use.
Note: 144
A visual guide to key stages in the growth 
and maturity of field pea
Mark Seymour, Ian Pritchard, Pam Burgess and Rodger Beermier. Department of Agriculture and Food Western 
Australia
Individual field pea plants will have a dominant 
main stem and several basal branches, with the 
main stem simply being the longest one you can 
find. All references to node number on labels 
and so on refer to the number of nodes on the 
main stem.
When field pea emerges, two small scale or 
scar leaves appear. The scar leaves do not form 
stipules and are therefore not counted. This is 
best shown in Figure 1 which is at the 3-node 
stage. When counting nodes, only count those 
where the stipule leaves are fully unfolded.
Seed filling, maturity and harvest
Most field pea crops in Western Australia are 
croptopped to even up maturity and reduce 
weed seed set. Swathing is gaining in popularity, 
particularly with semi-leafless varieties which 
are less prone to shedding and blowing in the 
wind. It is important to get the timing of swathing, 
crop-topping and harvest right, to maximise yield 
and grain quality. This is best done by measuring 
the average seed moisture content (ASMC). For 
Table 1. Post emergent herbicides and field  
 pea crop stage.
 Herbicide Crop stage (as per herbicide label)
 grass herbicides From 2-node
 metribuzin 3-node
 imazamox Do not apply beyond the 4-node stage
 diflufenican After 3-node and before flowering
 flumetsulam 2-node to 6-node, no later than six weeks  
  after emergence
 cyanazine Between 3-node and 5-node stage
 MCPA Na 6-node to 8-node, 10-15 cm tall. Do not apply  
  if flowering has begun*
 paraquat No specific crop guide on label. In practice,  
  when 75% of the crop has brown pods
 diquat As soon as crop has reached full maturity
 glyphosate At or after crop maturity. 
  When average seed moisture content is  
  below 30%
 * Varieties grown in Western Australia are unlikely to be at 6-node  
 to 8-node when flowering.
Figure 1. Trailing field pea (left) and semi-leafless field pea 
(right) at 3-node stage.
Figure 2. Appearance of crop, pods and seed at a range of seed moisture contents, Boyup Brook, 2005. ASMC = average seed moisture content of whole plant.
Figure 2. Appearance of crop, pods and seed at a range of seed moisture contents, Boyup Brook, 2005. ASMC = average seed moisture content of whole plant.
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example, swathing should begin once ASMC reaches 
45%, crop-topping at 25% to 30% and harvest at 14% 
to 16%.
ASMC can be ascertained in a number of ways:
• Pick 10 to 20 stems at random and sub-sample 
sufficient seed to fill a moisture meter, which works 
well for harvest samples but is not very accurate 
with high moisture samples near swathing and crop-
topping.
• Pick 10 to 20 stems at random and sample all the 
seed, weigh the wet sample and then desiccate/dry 
until constant weight. ASMC (%) = 100 x (wet weight 
–dry weight)/wet weight.
Alternatively, the appearance (colour, opacity) or texture 
of the pods, the seed or whole plants (e.g. % maturity) 
may be used to estimate the correct timing of these 
operations (Figures 2 and 3).
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Figure 3. Seed colour can be used to estimate the seed moisture 
content (SMC). Texture can also be used: above 80% SMC, the seed 
is small, watery and easily squashed; at 40% to 80% SMC, the seed is 
easily split with fingernail pressure; between 25% and 40% SMC, the 
seed rapidly dries down and is firm but the seed dents with fingernail 
pressure and will split with increasing force.
For more information visit our web site www.agric.wa.gov.au
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Field pea stubble: Wind erosion control 
and grazing management
By Jeff Russell, Robin Jacob, Mark Seymour and Ian Pritchard
Note: 154
Replaces Farmnote 77/96
Extensive wind erosion of field pea stubble often follows 
grazing over summer and autumn. Semi-leafless field 
pea varieties such as Kaspa and Bundi are now available 
with reduced lodging, improved pod-height and reduced 
pod-shatter. These traits decrease harvest losses and 
the relatively small amount of grain left for stock reduces 
the need to graze field pea stubble paddocks.
Loose field pea stubble can build up against fences, 
which is unsightly and may damage fences. Using a 
harvester fitted with choppers and spreaders helps 
to prevent this build-up. It is best to harvest on days 
when the residue will chop into small pieces and spread 
evenly rather than form long vine-like ‘sausages’ or 
mound to create lumpy paddocks. Semi-leafless field 
pea lines with the sugar pod trait (Kaspa, Bundi) have 
a ropey vine which is more likely to form ‘sausages’ 
than conventional trailing varieties (Dundale, Parafield), 
particularly in cool weather.
Grazing the stubble can loosen from 40 t/ha or more 
of surface soil. Light soils such as sandy-surfaced 
duplex soils may lose much 
more. Wind tunnel tests show 
that field pea stubble has few 
soil erosion problems if left 
ungrazed and uncultivated.
Reducing the amount of 
spilt grain reduces the need 
to graze field pea stubble. 
Improving harvest efficiency or 
decreasing harvest losses will 
decrease the need or duration 
of grazing and consequently 
decrease the risk of wind 
erosion.
Retaining as much cereal 
straw as possible also reduces 
the risk of wind erosion. The 
straw helps to anchor the 
field pea stubble after harvest 
and increases the amount 
of surface cover of the soil, 
whether it is grazed or not. 
Some farmers are attempting 
to maximise straw retention 
by; cutting cereal crops high 
at harvest (with str ipper 
headers), sowing semi-leafless field pea varieties 
of improved standing ability and using GPS-guided 
seeding machinery. They sow the field pea crop between 
the rows and do not roll the paddock. The standing 
cereal stubble supports the semi-leafless field pea and 
provides surface cover.
The no-grazing option
For wind erosion control, the safest option is not to graze 
the stubble. The soil surface is left relatively intact after 
harvest. A summer rain may form a stable surface crust, 
which usually lessens the risk of wind erosion.
Although this option may seem to waste good summer 
feed, it reduces the risk of soil and nutrient loss. Cereal 
yields are increased in the next season by keeping 
as much pea stubble on the paddock as possible. 
One trial has shown that when field pea stubble is left 
ungrazed, wheat yields can increase by 9 per cent and 
grain protein content increase by 2 per cent, compared 
to wheat grown on field pea stubble grazed for about 
five weeks.
Field pea vine which is chopped and spread and then left ungrazed is less susceptible to wind erosion.
If the field pea paddock is not grazed some stubble 
management may be required to prepare the paddock 
for the following cereal crop. Options include cultivation, 
raking and baling, raking and burning and collecting 
crop residue at harvest.
Cultivation
A common management plan is to cultivate stubble 
after summer rain or, if the stubble has been grazed, 
after harvest. Cultivation incorporates the 
field pea stubble into the soil which helps 
when seeding the next cereal crop and 
produces a ridged surface which is less 
liable to erode.
Raking and baling
Field pea straw can be raked and baled 
immediately after harvest. The baled straw 
is then fed back when needed onto cereal 
stubble paddocks. However, field pea straw 
will be a source of blackspot disease when 
spread to other paddocks. Raking loosens 
the soil surface and removing the straw 
leaves the paddock with little protection, 
exposing it to a greater erosion risk.
Raking and burning
Field pea stubble can be raked and burned 
just before seeding. Raking and burning 
exposes the surface to erosion, but usually only for a 
short time.
Collecting crop residue at harvest
Several machinery manufacturers produce catcher 
bins to collect riddle material from harvesters. This 
material includes weed seeds and seconds grain and 
has a nutritional value roughly equal to good quality 
hay. It can be fed to stock in other locations, on its own 
for maintenance or mixed with grain for growth. This 
removes the need for grazing.
The grazing option
Nutritional value
The leaf, stem and grain components of field pea stubble 
are of higher nutritional value than cereal stubble but 
not quite as good as lupin stubble in terms of protein 
and energy (Table 1; Table 2). As with all stubble, sheep 
prefer to eat the most digestible part first, starting with 
grain, leaf, pods (or husks) and then stems.
The amount of residual grain in conventional trailing 
field pea stubble (Parafield, Dundale) ranges from 100 
to 250 kg of grain per hectare (50 to 125 seeds/m2), of 
which 40 to 90 per cent is accessible to grazing sheep. 
At stocking rates of 6 to 10 sheep per hectare, sheep will 
use the grain in a field pea stubble containing 200 kg of 
grain per hectare in about four weeks (Figure 1).
During this period, sheep growth rates can be close 
to the maximum because of the high grain intake. For 
merino weaners and adults this is about 180 to 240 g 
per head per day. Once the majority of grain has been 
Table 1. Nutritional value of field pea, lupin and wheat stubble
 Average crude protein of leaf,  Average digestibility of leaf,  
 stem and grain (%)  stem and grain (%)
 
Field pea 6 50
Lupin 7 58
Wheat 2.5 45
Table 2. Chemical composition of grain (dry matter basis)
 Field pea Lupin Oats
Starch (%) 24.5 0.2 29.6
Crude protein (%) 22.0 28.0 10.0
Metabolizable  13.4 13.2 12.0 
energy (mJ/kg)  
Figure 1. A typical pattern for the decline in the amount of grain on the soil surface when field pea stubble is grazed. Sheep are more efficient 









eaten, the nutritional value of the remaining material is 
likely to be below maintenance value and the sheep will 
lose weight quickly.
With the correct header setup, harvest losses in semi-
leafless field pea paddocks (Kaspa) are in the order of 
50 kg of grain per hectare (25 seeds/m2). At this relatively 
low amount of grain, sheep will be much less efficient 
at picking up the grain and it is unlikely the paddock 
could be grazed for more than a few days, during which 
time sheep may lose condition. (There is no value in 
grazing field pea stubble once the majority of grain has 
been eaten).
Potential sheep health problems
Sheep which have sudden access to high levels of field 
pea seed are susceptible to acidosis (grain poisoning) 
and enterotoxaemia (pulpy kidney).
Grain poisoning
Field pea seed is similar to cereal grain and different 
to lupin seed in that the carbohydrate portion is in the 
form of starch. The sudden introduction to starch diets 
causes grain poisoning in sheep and cattle due to 
the rapid conversion of starch to lactic acid by rumen 
organisms.
Field experience and trials show that seed intake for 
sheep on conventional trailing field pea stubble can 
exceed the 500g per head per day required to cause 
grain poisoning. If grain poisoning occurs, the sheep 
will scour and lose weight for the entire grazing period, 
and the nutritional benefit of the paddock will be lost. 
In severe cases, some sheep may die.
Sheep can be preconditioned to starch by grazing 
cereal stubble which is high in grain or by undergoing 
a cereal grain introduction period before grazing field 
pea stubble. This allows micro-organisms in the rumen 
to become accustomed to starch and prevents grain 
poisoning.
Enterotoxaemia
Enterotoxaemia or pulpy kidney is caused by a toxin 
produced by the bacteria Clostridium perfringens (type 
D). The organism is resident in the gut of sheep and can 
proliferate on high sugar or starch diets, such as field 
pea grain. This includes adult sheep but young sheep are 
most susceptible. Enterotoxaemia is common in sheep 
grazing cereal stubble as well as field pea stubble. Sheep 
should undergo a vaccination program at least ten days 
before grazing field pea stubble. See Farmnote 82/2005 
or consult your local district veterinarian.
The best time to graze
The best time for grazing depends on soil type, 
geographical location and other feed sources on the 
farm. If the aim of grazing is to reduce pea weevil 
numbers, stubble must be grazed as soon after harvest 
as possible.
On medium and heavy soils, grazing should occur 
straight after harvest. This allows for any summer rain 
to set a protective crust or for the cultivation of suitable 
soils. Watch the paddock regularly and move the stock 
if the paddock looks to have erosion problems.
The grazing strategy is for locations where strong winds 
after harvest in November and December are not likely, 
which includes most of the central Wheatbelt. For areas 
in the Great Southern and South Coastal regions, more 
windy conditions may make early grazing risky.
Sandy and powdery soils and soils that have a very weak 
crust are best grazed later in autumn as part of paddock 
preparation just before seeding. If it is not possible to 
direct drill into field pea stubble, use the stock to break 
up the vine. This late grazing exposes the paddocks only 
for a short time and limits the chance of erosion.
Sandy soils should not be grazed at all, except when 
summer rains have caused weeds to germinate.
Good feed in autumn is more valuable than feed in early 
summer because most dry feed deteriorates during 
summer due to weathering. This is particularly so for 
autumn lambing ewe flocks because of their high energy 
needs during lactation. Grain in stubble does not tend 
to deteriorate as quickly as leaf and stem components, 
although it can be buried if significant summer rain 
occurs. Grain may provide a good source of feed 
after pastures have deteriorated during summer, or for 
finishing out-of-season lambs. If, however, summer rain 
occurs and produces a germination, the feed value of 




• less potential for wind erosion and soil loss;
• may give additional yield and protein improvements 
in following cereal crops; and
• varieties of semi-leafless field pea like Kaspa may 
have very low harvest losses which do not warrant 
grazing.
The grazing option
• only for a short period, as most available spilt grain is 
consumed in about four weeks or less if the harvester 
is well set up or if a semi-leafless sugar pod field pea 
variety is grown;
• gives good liveweight gain in weaner and adult sheep 
with low worm burdens, during the short period that 
seed is available;
• greatly increases the chance of wind erosion in most 
situations unless carefully managed;
• not recommended on sandy or fragile surfaced soils; 
and
• breaks down vines for seeding.
Further reading 
Bulletin 4645 Producing pulses in the southern 
agricultural region.
Farmnote 14/2005 Successfully harvesting semi-leafless 
field peas.
Note 109 Swathing semi-leafless field pea.
Farmnote 82/2005 Vaccinating lambs.
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A grazed field pea paddock is susceptible to wind erosion.
Field pea vine which has not been chopped and spread is easily blown by the wind.
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No. 15/2005
Kaspa  is a high yielding semi-leafless dun-type field
pea with shatter-resistant pods, improved standing
ability and good early vigour. It is easier to harvest than
trailing-type varieties because pods are held above
ground level even when the crop lodges.
Kaspa  is well suited to areas receiving greater than
400 mm average annual rainfall. It flowers about three
to five days later than Parafield, but, pod development
is rapid and it matures at about the same time as
Parafield, (three to seven days earlier than Dundale).
Kaspa , however, is more determinate than other
field pea varieties and will not continue to flower and




Select paddocks that have:
• Well drained loamy sands to clay loams with a pH of
4.5-9.0 (CaCl2)
• A soil structure and slope that allows good drainage
• Few rocks and roots and can be left relatively flat and
even after sowing
• No sulfonylurea herbicide residues
• A low broadleaf weed burden
• A low frost risk
Kaspa 
By Ian Pritchard and Mark Seymour, Department of Agriculture, Western Australia
Figure 1. “Semi-leafless field pea Kaspa  at the commencement of flowering”
Photograph by Martin Harries
Don’t grow field peas near last years field pea stubble or
more often than one year in three in the same paddock
to minimise risks of blackspot disease.
Don’t choose a paddock with a sandy surface prone to
wind erosion and don’t graze field pea stubble because
it is fragile and does not provide good protection against
wind erosion.
Seed test and hygiene reports
Ask for a Bacterial Blight report if seed was imported into
WA from the eastern states. Ensure that the seed was
produced from a crop certified free of Bacterial Blight and
Bacterial Blight is not detected by a seed test. Seek
advice if there is a possibility the seed is infected with
Bacterial Blight.
A Good Start
Plant at the correct time
Don’t sow too early, this will increase the risk of severe
blackspot disease.
Kaspa  is more sensitive to delayed sowing in low
rainfall regions than other field pea varieties.
North
(North of a line extending between Moora and Beacon)
• Low rainfall
early May to late May
Target date: May 25
In years when more than 100 mm of stored
moisture
early May to mid June
Target date: May 25
• Medium rainfall
mid May to late June
Target date: May 25
South
(South of a line extending between Moora and Beacon)
• Low rainfall
early May to mid June
Target date: May 20
• Medium rainfall
mid May to late June
Target date: June 4
• High rainfall
late May to late June
Target date: June 10
Sowing rate and row spacing
Semi-leafless field peas like Kaspa  require higher
sowing rates than trailing-type field peas. Aim to
establish 55 plants/m2 (compared to 45 plants/m2 for
trailing-type varieties). Assuming a seed size of 190 mg,
germination rate of 95% and a field establishment of 90%,
55 plants/m2 equates to a seeding rate of 120 kg/ha.
During the bulk-up stage, aim to establish 30 plants/m2.
This equates to a sowing rate of about 70 kg/ha. This will
provide a greater multiplication rate (i.e. more seed
returned for each seed sown) but the yield per hectare
will be about 25-50% lower than a crop sown at the
higher rate. Crops sown at low rates for seed
multiplication compromise weed control and ease of
harvest, so ensure the paddock selected has a low weed
burden and has no obstacles for harvest.
Field peas grow well in conventionally spaced rows up
to 30 cm. The standing ability of Kaspa  for harvest is
likely to be impaired by rows wider than 30 cm because
the tendrils will be less able to latch onto wider-row
neighbours for support.
Sowing depth
Sow seeds 5-8 cm deep. This improves plant establish-
ment and minimises the risk of herbicide damage from
soil-applied herbicides.
Inoculum
Always inoculate with group E inoculum prior to sowing.
No fungicide seed dressings or in-furrow fungicides are
recommended for field peas.
Fertiliser
Phosphorus is the main fertiliser required by field pea in
WA. It is recommended to apply as much super-
phosphate as for wheat grown on the same paddock. In
mallee soils, a foliar spray equivalent to 1 kg manganese/
ha applied 6 to 8 weeks after sowing may increase yield.
Rolling
Pods will be held above ground level in most Kaspa 
crops, nevertheless rolling is still recommended to guard
against harvest problems. Roll after sowing with rubber
tyre or steel rollers to level the paddock surface and push
rocks or sticks into the soil.
Roll immediately after sowing or after plants have
emerged and past the three-node stage. Don’t roll two
weeks before or after the application of post-emergent
herbicides.
Kaspa  Seed
Photograph by Rodger Beermier
Crop Protection
Weed control
Select paddocks with as few broadleaf weeds as
possible and delay sowing to provide an opportunity to
use knock-down herbicides and cultural control.
Pre-emergent weed control
There are two commonly used pre-emergent strategies
used on field peas in Western Australia. For both
strategies it is important not to sow field peas too shallow
– sow at least 5 cm deep, and where diuron is used, to
level the seedbed by harrowing and/or rolling before
applying the herbicide. Otherwise, rain may concentrate
the diuron in the furrows.
• Apply 1–1.5 L/ha diuron (500 g a.i./L) and 1–2 L/ha
trifluralin (400 g a.i./L) before sowing when the crop
is sown with knife points. The diuron controls many
broadleaf weeds and the trifluralin controls grasses
and wireweed. In conventionally cultivated systems,
which leave the paddock relatively flat, apply diuron
post-sowing pre-emergent (PSPE). The trifluralin is
still best applied before sowing to ensure that it is well
mixed with the soil.
• For no-till field peas apply 34 g/ha Spinnaker® and
1–1.5 L/ha diuron PSPE. Spinnaker® will control
wireweed, some grass weeds, and a wide spectrum
of broadleaf weeds. It is important to level the
seedbed by harrowing and/or rolling before applying
this mixture.
Post-emergent weed control
There are many herbicides registered for post-emergent
weed control in field peas.  These are mostly applied at
the 3–6 node stage of the crop. Some of the more
popular options for post-emergent control of broadleaf
weeds are listed below. Note that not all of these
herbicides are compatible with post-emergent grass
killers, nor with oil or wetter.
• Brodal® and metribuzin mixes: usually 60 mL/ha
Brodal® (500 g a.i./L) and 60 mL/ha metribuzin
(750 g a.i./L) is adequate for cruciferous weeds and
capeweed (WA permit applied for). Higher rates of
metribuzin will improve doublegee control, but are
also more likely to damage the crop. At higher rates
Brodal® and metribuzin can be used alone, but they
are more likely to damage the crop and are less
effective against weeds than when mixed together.
• 45 g/ha Raptor® + 2% BS1000 will control cruciferous
weeds, lupins, barley grass, brome grass, and
volunteer cereals. It will not control annual ryegrass
and cannot be tank-mixed with post-emergent grass
killers.
• 700–1000 mL/ha MCPA 250 (as the sodium salt) will
control late-germinating cruciferous weeds and can
be applied to field peas from the 6–8 node stage.
However, it will retard the crop, and may cause stem
distortions for up to two weeks after application. This
option should only be used when good growing
conditions are expected following application so the
crop can recover.
Crop-topping
Crop-topping aims to prevent seed set of surviving in-
crop weeds, hence lower the weed burden in the
following crop. The early maturity of field peas makes
them ideally suited to crop-topping.
Reglone can be used for crop-topping, but the most
economical chemical is Gramoxone at 600 mL/ha for
ryegrass, or 800 mL/ha for wild radish. Timing is critical
to the success of crop-topping. Spraying too early will
reduce the crop’s yield potential, and spraying too late
will have little effect on the weeds. Once the field pea
seeds have reached 30% moisture, or when the lower
75% of the pods are brown, with firm seeds and leathery
pods, crop topping will not reduce crop yield. The crop
can still have green tips at this stage, and the operation
may improve harvest efficiency by making the crop ripen
more evenly.
Semi-leafless field pea development
Courtesy of Di Holding, CRC for Australian Weed Management.
Tendrils
• well developed in semi-leafless
 field peas
• simple in young leaves, more
 complex in older leaves towards
 the top of plant
Petiole
• small stem that terminates with
 a well developed tendril
Stipule
• in pairs
• each side of the leaf axis where
 it joins the stem
• size much larger than in
 conventional leaf types
Branch




• two found at base of plant
 close to ground level
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Glyphosate should only be used when the crop is to be
swathed. Glyphosate should be applied at 50 to 75%
brown pods if it is used in crop-topping a swathed crop.
Don’t use glyphosate to desiccate or crop top a seed
crop, because it can reduce seed viability.
Insect control





To protect crops of Kaspa  from these pests apply an
appropriate insecticide with the knockdown herbicide or
apply a bare earth spray immediately after sowing. Bare
earth sprays are more appropriate where red-legged
earth-mite are the major pest.
During flowering and podding, monitor for
• Pea weevil
• Native budworm.
Kaspa  may be more susceptible than other varieties
to native budworm because of its shorter flowering and
podding period.
Pea weevil
• Only use seed that was fumigated with phosphine
soon after harvest. Two phostoxin tablets per tonne
of seed should be placed in a sealed silo and left for
28 days. If the seed was harvested above 12%
moisture, it should be dried by aeration before
fumigation and sealing.
• Begin monitoring the crop with a sweep net just
before the first pods begin to form (5–7 days after
flowering begins). Monitor on warm days (above
18˚C), first along the edges of paddocks nearest to
trees and last year’s field pea stubble.
• If more than 1 pea weevil in 100 sweeps are present
then spray a synthetic pyrethroid (i.e. Karate®)
immediately. In large paddocks clear of trees, it is
usually only necessary to spray a 60 m border around
the paddock because pea weevil work their way in
from the edges of the paddock.
• Eggs on pods and larvae in pods will not be killed by
insecticide so it is important to kill adults before they
lay eggs.
• Recommence monitoring the crop about 14 days
after spraying; if you find more pea weevil spray the
entire crop.
• Harvest as soon as the crop is ready, and fumigate
the seed promptly. Grain left on the ground after
harvest can be a source of pea weevil infestation in
the future, so harvest as efficiently as possible.
Native Budworm
Monitor for native budworm at regular intervals from
early podding onwards. Spray insecticide if more than
1 caterpillar per 10 sweeps is present. Spray immediately
to protect early pods; don’t wait for caterpillars to grow.
Monitor the crop after spraying to determine the efficacy
of treatment, and to determine if follow-up sprays are
required.
Diseases
Blackspot is the most serious disease of field pea in WA.
The best way to manage this disease is to separate the
crop from potential infection sources by following
recommendations on paddock selection and sowing
times.
• Delaying sowing for 10–28 days after the break of
the season.
• Rotation at least three years between crops.
• Separation > 500 m from last season’s field pea
stubble.
Seed dressings and foliar fungicides do not provide
economic control.
Bacterial Blight has been a serious disease of Kaspa 
crops in eastern Australia. Bacterial Blight is unlikely to
be a problem in Western Australia unless infected seed
is sown. Follow recommendations on seed tests and
hygiene to manage this disease.
Breeding
Kaspa was developed by the Australian Coordinated
Field Pea Improvement Program. It was bred at the
Victorian Institute for Dryland Agriculture (VIDA),
Horsham, with subsequent evaluation by NSW
Agriculture and the South Australian Research and
Development Institute (SARDI), Adelaide.
Plant Breeders Rights 
Kaspa  is protected by Plant Breeders Rights, any
unauthorised commercial propagation or any sale,
conditioning, export, import or stocking of propagating
material of this variety is an infringement under the Plant
Breeder’s Rights Act, 1994.
• Growers are allowed to retain seed from production
of this variety for their own use as seed only.
• An End Point Levy of $2.20 per tonne (GST
inclusive), which includes breeder royalties, applies
to this variety.
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As this edition of GLN goes to press 
there is very good news with 
significant rain across most of the 
w h e a t b e l t .  E a r l y  s o w i n g 
opportunities have usually meant 
greater potential for good returns 
from cropping but remember the 
weed burdens that often result from 
poor pre-emergent weed kills. 
Remember that a good knockdown 
will take pressure off the selective 
h e r b i c i d e s  ( a n d  s l o w  t h e 
d e v e l o p m e n t  o f  h e r b i c i d e 
resistance). 
 
So this edition highlights one of the 
biggest issues for grain legume 
growers – weed control. We hope 
you can use this information for this 
year’s legume crops. 
 
A reminder that the new website for 
p u l s e s  c a n  b e  f o u n d  a t 
www.agric.wa.gov.au/wapulses. This 
site gives you the latest information 
on soil types for pulses, nutrition, 
disease control, herbicide options, 
varieties and storage and handling. 
 
Getting longer life 
out of grass 
selective herbicides 
Greg Shea and Peter Newman, 
Merredin and Geraldton Dept of 
Agriculture.  
 
Managing herbicide resistant 
ryegrass is a numbers game.  In 
order to get maximum life out of the 
selective herbicides, using different 
herbicide groups is essential. Crop 
topping is a useful way of achieving 
this reduction in numbers. The 
ryegrass which survives your grass 
selective is likely to be resistant and 
using paraquat (Gramoxone®), 
which is a different group, will 
prevent this “blow out” in numbers. 
There is often a small loss in yield 
from crop toping with paraquat but it 
is a small sacrifice if it allows the 
following crop to capitalise on  lower 
ryegrass competition as well as 
For further information contact: 
Greg Shea 
Dryland Research Institute 
Merredin 
 
Tel:  (08) 90813112  






READY, SET, GO! 
This Edition 
• Editorial 
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tion for Kaspa 
• Two new faba 
bean varieties 
• Ceora:  Austra-
lia’s first grass 
pea variety 
• Be careful using 
Balance on 
chickpeas 
• Herbicide options 
for Field Peas  
• A lupin variety 
that will compete 
with radish? 
Grain Legume News 
Research supported 
by 
Figure 1: Effect of different timings of crop topping on yield of lupin varieties at 








































First spray timing: No leaf 
drop, pods turning from 
green to yellow. Seeds still 
sappy. 
Second spray timing: 70% 
leaf drop. Most pods yellow, 
seeds fully formed in all 
varieties. 
Agral® at 100mL/100L 
added to Gramoxone®. 
 
2 
allowing you to keep the rotation going.  The 
new lupin variety Mandelup is suitable for crop 
topping due to its early maturity and higher 
yield. 
A trial at the Liebe Group site last year (Figure 
1) shows the relatively low level of yield loss in 
Mandelup, Quilinock and Belara compared to 
the large losses in Tanjil and Kalya at the first 
time of spraying. It is a good idea to make sure 
that the lupin sowing density is high (50-60 
plants/m2) as this tends to cause the ryegrass 
to be at a uniform stage of maturity at 
croptopping time. It may also force the ryegrass 
to ‘grow up’ above the crop and be more 
accessible to the Gramoxone®. This improves 
the percentage of ryegrass seed killed. Greater 
crop density also means greater competition 
with the weeds which should reduce seed set. 
 
The ideal conditions for crop topping with 
Gramoxone® to maximise yield and minimise 
ryegrass seed set is to spray when the lupins 
are at 80% + leaf drop and the ryegrass is at 
the soft dough stage.  Good ryegrass control 
can be achieved up to the firm dough stage 
with high rates of Gramoxone® 250 (eg. 800 
mL/ha).  However, more reliable results are 
achieved when ryegrass is sprayed at the soft 
dough stage. 
 
So consider a crop topping treatment as part of 
your lupin program this year! 
Harvest Preparation for 
Kaspa 
Ian Pritchard, Department of Agriculture, 
Northam 
 
The 2005 season will see many people trying 
field peas for the first time or having another 
attempt with Kaspa. Kaspa has a number of 
characteristics apart from yield which make it 
different to the more conventional trailing types 
such as Helena, Dunwa or Parafield. 
 
Kaspa is a semi-leafless, upright variety with 
good stem strength. 
 
Kaspa has a substantially improved structure 
for harvesting compared with trailing types 
setting pods in the top third of the plant. Kaspa 
has a sugar pod trait that reduces pod shatter. 
The combination of these factors result in an 
easier harvest with less losses and a cleaner 
sample. 
Nevertheless, for ease of harvest, particularly 
in circumstances where Kaspa may lodge, it is 
important to prepare paddocks prior to, and 




Paddock Selection – presence of rocks, roots, 
crab holes, weed burden. 
Stubble Handling – sowing into cereal stubble 
without clumping. 
Sowing – for Kaspa bulk up 70kg, normal crop 
120/kg/ha, depth 5-8cm. 
Paddock Levelling – ensure paddock is level 
for harvest i.e. harrowing, rolling. 
 
Semi-leafless lines like Kaspa will not 
overcome the harvest problems encountered 
with poor paddock preparation and 
management. On the other hand, timely 
paddock preparation and management can 
make the harvesting of semi-leafless field peas 
like Kaspa no greater task than harvesting 
cereals. 
 
 Timely Reminder – Order your Inoculum 
 
The value of all pulse crops in rotation lies in 
the nitrogen benefits for the following cereal 
crop. The nitrogen benefit is dependant upon 
having enough rhizobium in the soil to inoculate 
the pulse crop. Low rhizobium numbers 
resulting in poor nodulation not only decreases 
the yield of the pulse crop but also the 
subsequent yield of the cereal crop. 
 
Inoculum 
Seed should be inoculated with the correct 
inoculum group prior to seeding. With pickled 








Group N CC1192 Chickpeas 
Group E SU303 Field Peas, Common 
Vetch 
Group F WSM 
1455 
Faba Beans, Lentils, 
Lathyrus, Narbon Bean 
Group G WU425 Lupins (all species) 
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Two New Faba Bean 
Varieties 
Peter White 
Department of Agriculture, South Perth 
 
Two new varieties of faba bean are available to 
growers: Farah and Cairo. Farah, (tested as 
483/3 and developed in South Australia), is an 
ascochyta resistant selection of Fiesta. Farah 
has produced similar yields to Fiesta in trials in 
WA, and has only slightly lower resistance to 
ascochyta blight than Ascot. All other aspects of 
the variety are similar to Fiesta. Farah is an 
excellent replacement for Ascot because it 
offers higher yields, better seed quality and 
better chocolate spot resistance than Ascot 
while maintaining high levels of resistance to 
ascochyta blight and hence good growth in the 
ascochyta prone areas where Ascot is grown. 
Farah is also a good replacement for Fiesta 
because it allows savings in fungicide 
application. An early fungicide spray commonly 
required to control ascochyta in Fiesta is 
unlikely to be required for Farah. 
 
Cairo (tested as SP95054, developed in 
northern NSW). is an early flowering variety with 
good yield potential, and resistance to rust. It 
has slightly better chocolate spot resistance 
than Fiord (less than Fiesta), but is slightly more 
susceptible to ascochyta blight. It is earlier 
flowering than Fiord and has excellent seed 
quality. Cairo has been released for northern 
NSW so seed has been difficult to obtain in WA. 
It has produced better yields than Fiord in 
limited trials in WA so far, and further evaluation 
is still required.  This variety is only suited to 
areas north of the Great Eastern Highway 
where ascochyta blight is not a serious disease 
of faba bean. 
first grass pea variety  
Ceora: Australia’s first 
grass pea variety 
Professor Kadambot Siddique and Dr Colin 
Hanbury, CLIMA 
 
Lathyrus species are new crops in Australia with 
a potential area of 150,000-300,000ha across 
southern Australia. Among the lathyrus species, 
Lathyrus sativus (grasspea) and L.cicera (dwarf 
chickling) have shown production potential in 
Australia, as low input (hence low cost) 
multipurpose grain/forage crops. Advantages in 
include; tolerance to a range of herbicides, 
tolerance to drought and waterlogging stresses, 
absence of hard seed and serious disease, 
tolerance to pests and high tissue nitrogen.  
 
Animal feed studies show that lathyrus is 
competitive or better than lupins for producing 
live weights gains and wool growth in sheep.  
The neurotoxin 3-(-N-oxalyl)-L-2, 3-diamino 
propionic acid (ODAP) in lathyrus sp. has 
constrained commercial releases to those with 
low seed concentrations (< 0.10%).  In 1998, 
CLIMA released one L. cicera variety ‘Chalus’ 
which has an ODAP concentration of 0.09%. 
 
In order to develop a high yielding Lathyrus 
sativus variety with low levels of ODAP (less 
than 0.1%), a hybridisation program was 
initiated by CLIMA in 1994.  One promising 
line, Lathyrus 20B, was developed in this 
breeding program. Seed increase continued 
at Kununurra and Medina in 2004. The new 
grass pea variety was officially named as 
“Ceora” and released in February at the 
Agribusiness Crop Updates in Perth. 
 
Ceora is well adapted to all rainfall zones, 
neutral to alkaline fine textured soils in 
southern Australia.  
 
Ceora has waterlogging and drought 
tolerance and seed yield has been similar or 
slightly less than field pea over the evaluation 
period (5 years).  Ceora has ODAP levels of 
approximately 0.04 – 0.09% and provides 
excellent potential as a multipurpose crop for 
feed grain (ruminants and monogastrics) and 
fodder, hay and green manure. Lathyrus 
sativus have not previously been released in 
Australia and therefore a weed risk 
assessment has been completed and Ceora 
has been added to the permitted weeds 
species list for WA. Ceora is protected by 
Plant Breeders Rights (PBR). Ceora is 
Photograph:  Tim Pope, Technical Officer, 
CLIMA with the certified seed of Ceora for 
delivery to the seed licensees 
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licensed to The Seed Group (Kellerberrin, W.A) 
and Coorow Seeds (Coorow, W.A). Keeping 
the benefits of the new variety tightly in 
growers’ hands, CLIMA is releasing it using a 
‘public good’ approach by not imposing any 
royalty and allowing grower to grower trading 
after October 2008. 
 
 
Be careful using Balance® 
on chickpeas 
Martin Harries 
Department of Agriculture, Geraldton. 
 
The photo below is of a chickpea crop 
exhibiting Balance® toxicity.  The reason this 
has occurred is because the paddock was left 
with furrows after sowing and with the 
application being post sowing, pre-emergent 
there has been “wash in” of the chemical into 
the row. Make sure you use harrows to even 






Herbicide options for field 
peas. 
Martin Harries 
Department of Agriculture, Geraldton 
 
You may need a refresher on how to control 
weeds in field peas, an area where many 
growers have had problems in the past. Here 
are some tips. 
 
There are two commonly used pre-emergent 
strategies used on field peas in Western 
Australia.  For both strategies it is important not 
to sow field peas too shallow – sow at least 5 
cm deep, and where diuron is used, to level 
the seedbed by harrowing and/or rolling 
before applying the herbicide.  Otherwise, rain 
may concentrate the diuron in the furrows. 
 
PRE SOWING 
• Diuron: alone up to 2.0 L/ha. Throw soil 
from furrow to increase safety. Diuron 
should be used either pre-sowing or 
PSPE but not both. 
• Bladex®: safe, expensive and weak on 
weeds. 
• Trifluralin: 1.0 –2.0 L/ha if ryegrass is a 
problem (make a decision of whether it is 
worth using a shot of Trifluralin or if you 
can control grasses with the Diuron, 
Spinnaker, Metribuzin, Group A’s and 
Gramoxone). 
• Simazine: Do not use, not registered can 
result in reduced yields and will be 
variable, damage occurring in some years 
and not others. Tolerance to post 
emergent herbicides can be reduced. 
 
POST SOWING PRE EMERGENT  
• Spinnaker®/Diuron: mix 35 grams/1.0 
litre. Don’t disturb soil after Spinnaker® is 
applied as it will not work as well. Best if 
PSPE (not pre sowing). 
• Diuron: alone up to 2.0 L/ha - don’t leave 
furrows 
• Diuron/Metribuzin: mix 1.0L/100g possible 
on heavy soils but not preferred (only if 
doublegee are a real problem) 
• Spinnaker® general comments:  Group B 
herbicide but a different mode of action to 
the SU herbicides such as Glean or 
Logran. Radish resistant to the SU 
herbicides is not necessarily resistant to 
Spinnaker®. 
 
POST EMERGENT  
• Brodal/Metribuzin: mix 60mL/60g on 
medium and heavy textured soils, controls 
doublegee some grasses. 
• Raptor®: 45g/ha safe and good activity all 
soils. Don’t use Raptor and Spinnaker on 
the same paddock as carry over problems 
could occur in the following cereal. 
• Brodal®: alone 100-200 mL poor 
doublegee control and no grass control 
• Metribuzin: not on sandy soils. Can cause 
damage on loams. Best results in earlier 
sown crops that have time to recover. 
• MCPA Sodium: Variable effects on crop 
so not advised particularly in short 
season, lower rainfall, areas. 




PRE-HARVEST   
• Gramoxone 250®: 600mL for ryegrass. 
800 mL - radish. Do not harvest for 14 
days after application. 
• Glyphosate: Do not use. Will reduce seed 
germination by 40 to 60% and will take too 
long to desiccate crop. 
 
The most reliable option for weed control and 
crop safety is a mix of Spinnaker® and Diuron 
at about 35 grams or slightly higher of 
Spinnaker® and 1.0 L/ha Diuron post sowing 
pre emergent on a level seed bed. This is 
followed by a Brodal® -metribuzin mix. 
A lupin variety that will 
compete with radish? 
Shahab Pathan, Bob French, and Abul 
Hashem Merredin and Northam, Department of 
Agriculture,  
 
Wild radish can reduce lupin growth and 
productivity by competing for light, soil moisture 
and nutrients.  Radish seed can remain viable 
as long as seven years under continuous 
cropping, such as in a wheat-lupin rotation.  
This weed is a major threat to production of 
grain legumes and canola in the Western 
Australian wheat belt. The presence of 
herbicide resistance in radish emphasises the 
need to use other methods to reduce the 
impact of this weed and complement herbicide 
use. The discovery in one trial carried out last 
year that Belara is more competitive with radish 
than Tanjil, may prove to be helpful. 
 
A trial was conducted at the Merredin Research 
Station in 2004 to examine the effect of four 
densities of wild radish (0, 2, 10 and 20 plants/
m2) on the growth, yield and grain quality of 
three cultivars of lupin (Belara, Tallerack and 
Tanjil).  The trial was sown on the 9th June and 
the average lupin plant density achieved was 
50 plants/m2. 
 
Lupin yields significantly decreased as radish 
density increased irrespective of cultivar.  Even 
3 radish plants/m2 reduced lupin grain yield by 
27-46%. Presence of 24 radish plants/m2 
reduced lupin yield by 61-66%.  The highest 
grain yield was obtained from radish-free 
Tanjil plots, followed by Tallerack and Belara.  
However, Belara was the strongest competitor 
with minimum loss of grain yield in the 
presence of radish competition compared to 
Tallerack and Tanjil (Figure 2). 
 
Grain yield, grain size, and biomass of lupins 
were reduced mainly due to shading by radish 
during the reproductive stage.  Competition 
from 3 to 24 radish plants/m2 decreased 
available radiation falling on the canopy by 9 
to 23%, irrespective of lupin cultivar.  The 
degree of reduction in lupin grain yield was 
much higher than the reduction in biomass, 
suggesting that radish competition was 
greatest during reproductive stages, 
particularly the seed filling stage.  
 
 It is important to know whether the 
differences in competitiveness observed here, 
in only one trial, are consistent in other 
situations, and what plant characteristics 
determine it.  The trial will be repeated with 
Mandelup (which is also expected to compete 
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Plant disease forecast 2005 
is now on the front page of 
the Departmental home page 
at www.agric.wa.gov.au 
The forecast uses the 
predicted analogue years for this year to 
give you an idea as to how to lower the risk 
of black spot in field peas. Other diseases 
for other crops are also catered for. 
Figure 2.  Effect of radish density on the yield 
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Welcome to Grain Legume News! The 
Department of Agriculture has been 
producing "On the Pulse" for some 
years now. We have reviewed this 
newsletter and expanded it to include 
lupins. Hence, it is now called Grain 
Legume News and will be published 
quarterly. 
 
The disease issues for the albus lupin 
and chickpea industries are being 
dealt with as a result of the 
development of new varieties. This 
issue highlights the latest news on 
what is available for 2005 and beyond.  
Enhanced disease resis tance 
developed for Albus and Chickpeas 
varieties also has another spin off.  
There is now greater confidence that 
seed testing will give you a good idea 
of the suitability of seed for sowing. 
The Department strongly recommends 
that you request a seed borne disease 
test for crop legume seed before 
purchase. 
 
A lack of summer rain can mean 
carryover of herbicide residues such 
as sulfonylureas.  This can mean a 
problem for legumes of all kinds. We 
cover this issue by providing a do-it-
yourself test for checking the status of 
paddocks that could have a residue. 
 
A new website for pulses has been 
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www.agric.wa.gov.au/wapulses this site gives 
you the latest information on soil types for 
pulses, nutrition, disease control, herbicide 
options, varieties, grain handling and storage. 
 
New Desi Chickpeas  
Martin Harries & Greg Shea, Dept of 
Agriculture. 
 
Ascochyta blight is a major problem for the 
chickpea industry in WA. In order for growers 
to be confident that lines with greater 
resistance fit into their system, they need to 
see these lines managed as per farmer 
practice. This requires larger size trial plots 
implemented with grower machinery and 
managed as per our Ascochyta management 
package. 
 
To facilitate this, large chickpea trials were 
sown at Mullewa Research Station and 
Merredin Research Station to test Ascochyta 
resistant chickpea lines. Plots were 10 by 55m 
and managed as a grower would under the 
current Ascochyta management package. 
 
The Mullewa trial 
 
Bravo® was applied 4 weeks after plant 
emergence. The plots were monitored and 
Ascochyta was detected in late July when 
another 1L/ha Bravo was applied. By the 15th 
of October obvious differences in Ascochyta 
infection levels were apparent between the 
varieties. The order of susceptibility from most 
to least was Howzat, Rupali, Sonali, ICCV 
96836 and Flip 94-508c. The latter was 
almost free of Ascochyta even alongside 
infected Howzat plots. 
 
The Merredin trial 
 
2 L/ha Bravo® was applied on the 19th July 
and 7th September as per the Ascochyta 
management package. However, Ascochyta 
was not detected on the site. 
 
It is clear that the line Flip 94 508c is not well 
adapted to eastern wheatbelt conditions. As 
confirmed in CVT trials, Rupali is not 
competitive in yield (although its quality is 
exceptional). As the trial did not have 
ascochyta present, it is useful test as it shows 
the competitive yield of the ICCV 96836 line, 
although the yield potential of the site was 




These trials have successfully demonstrated 
that there is a range of Ascochyta resistance 
levels in current germplasm and that the new 
varieties offer greater resistance than Howzat. 
Sonali and Rupali showed fewer symptoms of 
Ascochyta than Howzat but under a moderate 
disease pressure they did suffer a yield loss 
as a result of Ascochyta. Rupali would be an 
option if you can capture a significant premium 
due to its outstanding quality characteristics. 
Lines from the eastern states showed good 
resistance and ICCV 96836 continues to be a 
standout line with good harvest height, 
competitive yield and a level of resilience to 
Ascochyta that will make commercial 
production less risky. Sonali is a better option 
if you are sure that Ascochyta risk would be 
minimal as it has yielded well in low disease 
situations over four years of testing. 
 
Sonali and Rupali are available from AWB 
seeds, ICCV 96836 is being commercialised 
in WA by Coorow Seeds on behalf of 
Australian Agricultural Commodities. 
 
Herbicide residue issues 
Terry Piper , 4 Farmers. 
 
The first effect of sulfonylureas (SU’s) on 
Merredin Mullewa
Variety Plant density Yield (kg/ha) Plant Density Yield (kg/ha)
ICCV 96836 53 635 54 928
Sonali 55 645 53 730
Flip 94 508c 62 307 66 689
Howzat 48 682 56 662
Rupali 53 352 56 417





legumes is to prune roots. Be careful in any 
duplex soils that have sand over alkaline clay. 
The SU’s can leach down into the clay, where 
they will be more persistent at the higher pH. 
Legume crops may grow apparently 
unaffected, but they will have no deep roots. 
In spring, these crops will hay off very early, 
possibly without filling their pods, as they are 
unable to tap the deep moisture they need. 
 
You can determine whether you have a 




Fill pots with soil from the paddock. If possible, 
also test subsoil from about 20 cm down (SU’s 
are very soluble and are readily leached). Use 
the planned legume or a more sensitive 
species as the test plant. Sensitivities range 
from peas (least) < lupins < chickpeas << 
lentils (most). Corn is another sensitive 
species. 
 
Grow the seedlings to two leaves then unpot 
and wash the soil from the roots. If residues 
are present, the roots will be shortened and 
thickened. They will have few or no fine root 
hairs. It is essential to have good controls with 
which to compare the roots. These can be soil 
from a similar paddock that was not treated 
with an SU, or from a fenceline. 
 
Alternatively, the plants can be grown on. 
Residue effects will be a yellowing of the 
leaves with reduced growth. Severe cases 
may result in plant death almost immediately. 
 
Latest on Kaspa field peas  
Mark Seymour, Esperance and Glen 
Riethmuller, Merredin District Office 
 
Despite low rainfall in spring in 2004, Kaspa 
was competitive with existing field pea 
varieties in all regions except the Lakes 
district.  In the Lakes, Kaspa recovered poorly 
from the multiple frosts and dry conditions 
compared to varieties that flower and pod over 
a longer period of time.  We are still 
processing information gathered from this 
region and will provide a more complete 
analysis in the coming months. 
 
Figures 1- 3 summarise the time of sowing 
comparisons between Kaspa and Dundale.  It 
would appear that Kaspa has a competitive 
yield advantage over other varieties if sown 
early. This is especially important in years 
such as 2004 which had a particularly dry 
spring. However, you will need to assess your 
blackspot risk, as this disease causes more 
yield loss with early sowing.  You will also 
need to assess the potentially greater frost 




Harvesting field peas has been raised as a 
problem due to low harvest height, wear rates 
on headers due to soil contamination and the 
risk of picking up sticks and stones. With the 
new semi-leafless upright varieties, such as 
Kaspa, the problem of soil in the sample and 
header wear are reduced because of the 
higher harvest height of these plants. 
However, Kaspa type peas are bulky and airy 
and there have been problems with the flow 
on draper/belt fronts. Given the growing 











































































































popularity of draper/belt front headers in WA, 
the bulky nature of upright varieties could be a 
problem for these header fronts. 
 
Keeping sheep off field pea stubbles 
minimises soil erosion risk.  If harvesting 
losses can be kept below 50 kg/ha there is 
little incentive to graze stubbles because they 
have negligible nutritional value. 
 
With help from John Trunfio from Hutton and 
Northey, Merredin we managed to 
successfully harvest Kaspa field peas this 
year with very low losses in a 1.2t/ha crop 
using a Case 2366 with a 36ft 1040 belt front. 
 
After testing several variations we can offer 
the following guidelines which made 
harvesting work well with this machine at the 
Merredin Research Station: 
 
• Harvest as early as the crop is ready 
(less cracked seed). 
 
• Use crop lifters only if the crop has 
fallen down badly - we used Heaslip Pea 
lifters but others may be equally good. 
 
• Run the pick-up reel speed faster than 
ground speed. The extra reel speed may 
knock pods off if the crop is left too late and 
very dry. This fits best with early harvesting 
where losses can be minimised. 
 
• Experiment with the speed as crop 
conditions change (e.g. run the reel slower 
with drier crop conditions). 
 
• Move the auger above the feeder-house 
out to the mid-position - it grabs the peas 
better. The 1040 front has 3 positions. This 
helped in the trailing type Helena peas as well. 
 
In general, the best system for heavy crops 
that we have seen is a conventional tin front 
with lupin breakers on the table auger. The 
next best is to use a belt front by fitting a 
dealer approved auger kit and modify using 
lupin breakers on the auger with a stripper 
plate underneath. Paddles on the end of the 
additional auger are also an option. Greg 
Raszyk at Scaddan used kicker paddles on 
his 480 Caterpillar Lexion (see photo 2).  
 
Wide-rows for lupins 
beneficial in dry seasons 
Bob French 
 
Growing lupins in wider than normal rows 
really can improve yield reliability when there 
is a harsh finish to the season.  Research 
conducted across the wheatbelt in the past 2 
years shows a strong relationship between 
row spacing response and seasonal 
conditions. 
 
Tanjil lupins were grown in 25, 50, 75, and 
100 cm rows in 11 environments in 2003 and 
2004, including sites at Mullewa, Wongan 
Hills, Merredin, and Newdegate.  Yield 
responses varied from a strong linear yield 
decline with increasing spacing, to a 
substantial yield advantage in wide rows 
(Figure 1).  Yield analysis in relation to 
weather data shows that narrow rows were 
better in long, moist, cool growing seasons; 
and wide rows were best especially when the 
grain filling period was dry and hot.  Rows 50 
cm and wider were consistently high yielding 
at Mullewa, and suffered a yield penalty at 
Photo: G. Riethmuller 
 
Photo 1. Feeder-house auger moved further 
forward on 1040 front. 




Newdegate.  Wide rows had an advantage at 
Merredin in 2004, and the response at 
Wongan Hills was fairly flat. 
 
Crop growth was carefully studied at Merredin 
in 2004.  While all the results have not been 
completely analysed, it is clear that early in 
the growing season growth is limited by light, 
but during grain filling it is limited by water 
availability.  This explains why row spacing 
response differs between environments:  in 
long, cool, moist growing seasons narrow 
rows capture more light than wide rows 
without running into water deficit, but when the 
grain filling period is dry and hot, wide rows 
experience less severe water deficit than 
narrow rows.  This research will help us to 
define the best row spacings to maximise 
lupin yield across all low rainfall lupin 
production areas in Western Australia. 
Good news for Albus  
growers 
Kedar Adhikari and Geoff Thomas. 
 
Albus lupins are poised for a comeback to the 
northern agricultural region after their demise 
caused by anthracnose in 1996. Mingenew-
Irwin grower Chris Gillam has successfully 
grown albus lupins on his Mingenew property, 
a well known anthracnose risk area. The albus 
line WALAB2000 grown was part of the 
COGGO bulkup of albus lupins this year.  
Albus were an integral part of the rotation on 
farms in this area before anthracnose. A 
combination of a better price for albus and 
more reliable yield makes them more 
desirable on the medium to heavy soil types in 
this zone. Their tallness also makes them 
easier to harvest than narrow leafed lupins, 
which is an advantage on the rocky loam soils 
of the north eastern wheatbelt.  
 
WALA2000 Albus lupin was selected by lupin 
breeders Kedar Adhikari and Bevan Buirchell 
through a combination of glasshouse and field 
screening under severe disease pressure. 
 
WALAB2000 is slightly later in maturity, but 
otherwise similar to Kiev except for resistance 
to anthracnose which is in the moderately 
susceptible to intermediate range (a significant 
improvement over Kiev Mutant which is 




It is important to emphasise that this new 
variety will be targeted at the medium to low 
rainfall areas of the northern wheatbelt east of 
a line from Nabawa to Mingenew to 
Carnamah. It does not have a level of 
anthracnose resistance high enough for the 
higher risk zones west of this line.  Blue lupins 
are more plentiful in the higher rainfall areas 
and serve as reservoirs of inoculum which can 
still cause significant yield loss in this variety. 
In these higher risk zones, the Tanjil narrow 
leafed lupin variety is still recommended as 
this has the highest level of anthracnose 
resistance available. 
 
This variety also shows potential for other 
areas outside the northern wheatbelt, eg. the 
Central Wheatbelt and the Great Southern 
where blue lupin is not a common weed.  
 
It is important to remember that anthracnose 
still poses a disease threat in this new variety - 
but it is a manageable threat. Standard 
anthracnose management techniques, 
including identification of infected seed lots 
through seed testing, and fungicide seed 
dressing still need to be used with this new 
variety. 
 
It is expected that the new line will be released 
and available for growers at the end of 2005. 
Figure 1.  Effect of row spacing on grain yield 
of Tanjil lupins grown at different sites in 2003 
and 2004 
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In spite of depressed 
prices and negative sentiments from 
some in the Agribusiness world, 
growers are maintaining their Lupin 
and Pulse crop areas in 2006. 
 
I heard this from the many growers 
who attended the recent round of 
GrainPool Update meetings. I 
expected there to be an indication of 
a general decline in planting 
intentions, but the opposite 
happened. Growers recognize the 
lack of profitability at current prices, 
but realise the consequences of 
reducing grain legumes in their 
rotations. 
 
Growers from Yuna to Broomehill, 
and Koorda to Lake King said they 
would be mostly maintaining their 
lupin areas and increasing their field 
pea areas. The current level of 
stored subsoil moisture combined 
with the rotational benefits of 
legumes was the basis for this 
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Supported by 
confidence. Increasing cereal 
areas at the expense of legumes 
is risky due the increased costs of 
nitrogen and the control of fungal 
disease, particularly Rust. These 
risks increase for 2007 if there is 
less land planted to grain legumes 
in 2006. 
 
Field pea areas will increase, 
driven by the success of Kaspa 
last year, while lupin areas will be 
dependent on the break of the 
season. Good early rain will see 
lupin areas remain substantially 
the same. 
 
Chickpeas will be of particular 
interest as growers try the new 
Desi and Kabuli lines. Both Sonali 
and Genesis 836 are readily 
available if you’re a Desi grower, 
while Almaz supplies are good for 
the Kabuli growers. 
 
G r a i n  l e g u m e s  a r e  t h e 
cornerstones of our broadacre 
cropping rotations. With seasonal 
prospects underpinned by the 
extensive summer rain, growers 
will be able to plant grain legumes 
with confidence in 2006.    
 
Associate Professor John Howieson from 
Murdoch University’s School of Biological 
Sciences and Biotechnology says that 
narrow leafed lupins fix over $30 million 
worth of nitrogen for Western Australia each 
year.  To calculate how much nitrogen input 
you are achieving from lupins see page 5. 
Associate Professor John Howieson 
collecting legumes in South Africa 
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A Positive Summer for Field 
Peas 
Ian Pritchard, DAFWA, Northam 
 
The mild wet summer experienced by the vast 
majority in the WA wheatbelt has been ideal for 
the life cycle of the field pea disease Blackspot.  
Generally over summer the Blackspot disease 
cannot continue to develop due to little or no 
rainfall and high temperatures.  This year 
however, with frequent rain and cooler summer 
temperatures the Blackspot disease has 
continued to develop over summer.  So much 
so that the spore release which would generally 
occur in May, June and July is currently 
occurring in last years field pea stubbles. 
The Departments Blackspot model estimates 
that over half of the total number of Blackspot 
spores will be released before the season has 
commenced in May.  For field pea growers this 
is excellent news as it means that the Blackspot 
spore load on the 2006 field pea crops is likely 
to be low.  Experience from previous years 
would tell us that a low spore load generally 
results in a low level of Blackspot disease with 
subsequent little or no yield penalty. 
Growers however must still undertake the 
Blackspot management practises to avoid 
Blackspot infection; 
Blackspot Management Practices: 
♦ Separation > 500m from last 
season’s field pea stubble. 
♦ Rotation at least 3 years between 
crops. 
♦ Delay sowing until safe to sow (see 
d i s e a s e  f o r e c a s t  a r e a  a t 
www.agric.wa.gov.au) - often 10 – 28 
days after the break of the season. 
♦ Control volunteer field pea 
Dr Moin Salaam 
Season ideal for pulses. 
Alan Meldrum 
 
If you ever wanted to write your own script for 
gaining the right conditions for planting pulses, 
2006 is it. 
 
Recent rains across the wheatbelt mean subsoil 
moisture conditions are ideal to plant faba 
beans, chickpeas and lupins to gain maximum 
yield potential at a time that suits the farmer.  
There were many areas in 2005 that could 
have successfully hosted a Faba bean crop if 
seed could have been found. Faba beans are 
the most tolerant pulse of waterlogging. They 
can be planted early to avoid potential waterlog-
ging, and at depth, to take advantage of the ex-
isting soil moisture conditions. 
Fiesta is the main variety grown in WA and is 
adapted to all areas. Growers should make en-
quiries now if they want to get seed in time for a 
late April planting. 
 
 
Testing will take place this year of the new 
varieties Farah and Cairo to determine 
which areas they suit best. Pulse Australia 
will be demonstrating these varieties along-
side Fiesta at Gnowangerup, Frankland, 
Moora and Irwin. Each variety has improved 
tolerance of either ascochyta blight or rust 
and cercospora. Hopefully we can see which 
variety suits each district. 
Desi chickpea production in low rainfall 
areas will benefit from early planting and, 
like faba bean, they can be planted at depth 
to utilise the subsoil moisture. Sonali and 
Genesis 836 are the two varieties to try. 
Both will require a two spray regime of fungi-
cide to avoid losses to ascochyta blight. But 
at the projected price of $350 per tonne, 
they can still be profitable. 
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Loose soil above the seed 
Loose soil above the seed reduces the soil 
drying by reducing the capillary rise of water 
and allows the lupin cotyledons to emerge 
easier.  It may also bring some pre-emergent 
herbicide back into the row to reduce weeds in 
the row. 
In our 2003 trials on Wongan loamy sand soil 
we found the best covering device was a ring 
attached to the press wheel by a 10mm link 
chain. The chain length was long enough to 
keep the ring in contact with the soil even when 
the press wheel jumps over stubble and short 
enough to allow just the ring to be in contact 
with the soil (so the attaching chain doesn’t 
wear).   
For the ring we used a 16mm mild steel rod 
bent around a 4-inch water pipe to give around 
115mm inside diameter.  This followed our 
76mm wide press wheels to give around 1 to 2 
cm of loose soil above the seed.  We also used 
a 16mm pin diameter "D" shackle to attach the 
ring to the 10mm diameter light chain. 
 
 
Mandelup is a good 
competitor with radish 
 
Research carried out last year by Shahab 
Pathan, from the Dryland Research Institute at 
Merredin has shown that Mandelup is a 
stronger competitor with Wild Radish, with 
smaller reductions of plant growth and grain 
yield, than Belara or Tanjil 
This information has important implications 
for managing wild radish.  You should sow 
Mandelup, the recommended variety for most of 
the State, to reduce yield losses from wild 
radish. You should also ensure that wild radish 
is controlled at the vegetative stage to minimise 
competition and maximise lupin yield.  Early 
sown (1st week May) lupins were more 
competitive than later sown (3rd week May). 
Dense lupin crops are also better at reducing 
competition from all weeds. 
Glen Riethmuller from the Department has 
some good advice 





Quality seed is the 
first and most 
important step.  New 
quality assured seed 
is best, as it has 
been germination 
tested and clean of 
weed seeds.  If you 
are keeping your 
own seed, grade it to 
larger than 5.0 mm in diameter (or above 
150g/1000) AND have it germination and CMV 
tested.  Have appropriate seed dressings 
applied, like inoculum or fungicide. 
 
Retain stubble 
Stubble acts as protection from wind 
erosion, sand blasting and reduces brown 
spot spores being splashed onto the young 
leaves.  After sowing there should be 30% of 
the soil surface covered by stubble. 
 
Fertiliser Placement 
Fertiliser should be placed away from the 
seed to avoid toxicity.  Fertilisers can damage 
the seed due to the salt concentration effect, 
which is worse in drying soil.  Fertiliser placed 
below the seed allows better uptake of 
nutrients, such as manganese, in a dry finish 
as the soil is moister at depth.  This also 
effectively reduces soil strength below the 
seed for faster  root development. 
 
Press wheels 
Press wheels firm the soil onto the seed to 
give good moisture migration to the seed.  
They also form a water harvesting “V” above 
the seed, which has been shown to be 
important on all soil types in dry areas. 
LUPIN COMMENT  
with  
Greg Shea 
DEVELOPMENT OFFICER  DAFWA 
Five steps for successful lupin establishment 
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Calculating nitrogen supply 
from legume crops and 
pastures 
 
Some growers are dropping lupins from their 
rotations based on the erroneous idea that 
lupins provide little or no nitrogen for the 
following non-legume crop.  Non legume crops 
are very responsive to nitrogen on sandplain 
soils- soils where lupins are best adapted. This 
article illustrates that lupin crops capture 
significant amounts of N when they grow well, 
and that there is a significant amount of N left 
behind. It also compares the nitrogen carryover 
with that from legume pastures. 
In most cases the harvest index, or the ratio 
of harvested yield to total dry matter grown, is 
about 0.33. This 
means that for every 
tonne of seed 
harvested there is 
about 3t/ha of total 
d r y  m a t t e r . 
Assuming  d ry 
matter is 2.8% N 
and grain is 5% N, 
then for a one 
tonne lupin crop 
about 83 kg N is fixed, 50 kg N is removed in 
the grain and about 33kg of nitrogen is carried 
over.  Of this, about 40% (13 kg N/ha) is 
available for next year’s crop. If there are 
significant summer rains, then the fraction can 
go as high as 60% because of an increase in 
pre-seeding mineralisation. In this article, I will 
outline what you can expect in residual nitrogen 
from lupins and pasture so you can weigh up 
the options on your own farm. 
Cereal crops require about 45 kg available N in 
the soil to produce a tonne of grain  and, if this 
does not come from the legume crop, then it has 
to come from elsewhere – fertiliser and pasture. 
 
Nitrogen from pasture 
 
The following calculations take account of the 
effect of grazing pasture – we assume that a 
third of the nitrogen content of pastures is lost 
through the effects of grazing. The table below 
can be used to calculate the amount of pasture 
grown in your rainfall zone, given the density of 
your pasture. You then feed in the estimated 
total pasture biomass into Table 2 together with 
your estimated legume %. 
If there is no grazing (or perhaps green or 
brown manuring) figures will be much higher. 
 
Nitrogen from lupin crops 
 
For our experience, “normal” lupin crops have a 
harvest index of between 0.2 and 0.35 
depending on harvest efficiency.  The table on 
the next page shows what you can expect in 
residual nitrogen from yield and harvest index. 
You would use the 0.2 value if the crop was 
frosted or badly hayed off.  The 0.4 value would 
be where you were surprised by the yield for the 
growth achieved and very little grain was lost at 
harvest. 
The value of lupin (indeed all legume) crops as 
a nitrogen source should not be underestimated. 
In particular, on sandy soils where lupins grow 
best, cereal crops are very responsive to 
nitrogen supply.  The amount of nitrogen left 
behind after a legume crop is directly 
proportional to the amount of growth.  The better 
the growth, the better the residual N. Often, the 
legume content of unimproved pastures is very 
low, so they would need to be renovated if you 
are going to rely on pasture to provide nitrogen 
for subsequent cereal or oilseed crops. Likewise, 
if your soils are not ideal for growing lupins and 
the biomass production is low, then you will not 




The nitrogen fixation that occurs with 
legumes is symbiotic; that is there is an 
association between a bacterium and a 
legume plant. There are free living bacteria 
that are able to fix nitrogen, which is non-
symbiotic nitrogen fixation. However, it is a 
myth to suggest  that non symbiotic nitrogen 
fixation can be relied upon to provide useful 
supply of nitrogen for your farming system.  
This supply is very small (of the order of 5-
10kg/ha N at maximum) and will make little 
practical difference to the N supply for your 
non legume crop. Nitrogen from lightning 
and dust etc are also small contributions. 
You need to sow legumes  to fix appreciable 
nitrogen from the air. 
 Growing season rainfall (mm May – October) 
Density Kg /mm rain 200 250 300 350 
poor 10 2000 2500 3000 3500 
average 15 3000 3750 4500 5250 
good 20 4000 5000 6000 7000 
Table 1: Expected total top pasture biomass (kg/ha) for growing season rainfall 




Making the Most of Nature’s Nitrogen  
 
The more accurate the assessment of the residual organic nitrogen in your paddocks, the better 
the estimate of the fertiliser requirement. Talk to your fertiliser specialist about the growth of last 
year’s legume crops and pastures so that you can get better advice as to how much nitrogen is 
available and hence how much you need to add this year. With nitrogen fertiliser becoming more 
expensive, it is worth taking the time to fine tune your program, especially in response to 
seasonal conditions. The TopCrop Nitrogen Calculator (available from the Department) is useful 
for working through your own situation.  The calculator also takes account of the nitrogen which 
comes from the soil itself, which is not dealt with here. 
 Harvest yield (kg/ha) 
Harvest 
Index 500 1000 1500 2000 2500 3000 
 Kg N/ha Residual Organic Nitrogen 
0.2 44 (18) 88 (35) 131 (53) 175 (70) 219 (88) 263 (105) 
0.33 17 (7) 33 (13) 50 (20) 67 (27) 83 (33) 100 (40) 
0.4 9 (4) 19 (8) 28 (11) 38 (15) 47 (19) 56 (23) 
Table 3: Residual organic nitrogen from lupins for expected yield and harvest 
index (N available for the following year in brackets- assuming 40% availability). 
Total top biomass (kg/ha) grown 
% 
Legume 1000 2000 3000 4000 5000 6000 7000 
Top nitrogen (kg N/ha) after grazing 
10 10 (4) 20 (8) 30 (12) 40 (16) 50 (20) 60 (24) 70 (28) 
20 11 (4) 22 (9) 32 (13) 43 (17) 54 (22) 65 (26) 76 (30) 
30 12 (5) 23 (9) 35 (14) 46 (18) 58 (23) 69 (28) 81 (32) 
40 12 (5) 25 (10) 37 (15) 49 (20) 61 (25) 74 (29) 86(34) 
50 13 (5) 26 (10) 39 (16) 52 (21) 65 (26) 78 (31) 91 (36) 
60 14 (5) 27 (11) 41 (16) 55 (22) 69 (27) 82 (33) 96 (38) 
70 14 (6) 29 (12) 43 (17) 58 (23) 72 (29) 87 (35) 101(41) 
80 15 (6) 30 (12) 46 (18) 61 (24) 76 (30) 91 (36) 106 (43) 
90 16 (6) 32 (13) 48 (19) 64 (25) 80 (32) 96 (38) 112 (45) 
100 17 (7) 33 (13) 50 (20) 67 (27) 83 (33) 100 (40) 117 (47) 
Table 2: Residual organic nitrogen from pasture for expected pasture biomass  and legume 
content (nitrogen available in following year in brackets- assuming 40% availability and 
one-third is removed by grazing).  
 
 
Healthy nodules, such as these, produce lupin crops like this—photo J Howieson 
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Wet and later sown  
lupins the key 
  
The practice of delaying lupin sowing and 
getting a better knockdown control of weeds is 
highly recommended. Reducing weed 
populations by delaying sowing and getting 
better knockdown will result in lower weed 
burdens. There is also the added benefit on 
improving the likelihood of simazine and 
atrazine being properly activated with sufficient 
moisture. The practice of drysowing is only 
recommended where weed burdens are very 
low. Drysowing lupins has been a common 
practice in the past as it takes pressure off the 
rest of cropping program.  However, the advent 
of early maturing varieties such as Mandelup 
should allow a delay in sowing without huge 
yield losses.  
We all know that the early sown lupin crops 
are more competitive with weeds, but allowing a 
better knockdown of weeds should provide a 
lower weed burden in the first place. 
Soil Moisture Pattern Good 
For Crop Yields 
David Stephens,  
Agricultural Climatologist, DAFWA 
 
The latest soil moisture map released by the 
Department of Agriculture and Food indicates 
excellent conditions for crop yields in the 
Southern half of the State. 
A below average May-October rainfall is still 
expected, based on the analogue years and the 
cooling of sea surface temperatures to the north 
of Australia. 
We have a good profile that sets the southern 
areas up for good crop yields. It is pretty much 
the reverse pattern we had at the same time 
last year. 
Last year a lot of areas in the west and 
southwest got too wet, and other eastern areas 
were too dry. The pattern this year is much 
more encouraging for the crops and to date it's 
looking like a much better start 
If you want a good set up for good crop 
production, you want good soil moisture down 
the eastern edge, and a dryer profile along the 
western regions. This year we seem to have it. 
Generally, our latest soil moisture map shows 
that producers who want soil moisture have got 
it, and those who prefer drier conditions have 
got them 
We have done studies in the past that show a 
direct correlation between crop yields and the 
amount of soil moisture at the beginning of May 
and June. This latest map indicates a very 
favourable pattern for crop yield 
The soil moisture map can be accessed on the 
Department's website at www.agric.wa.gov.au 
Users should go to Climate under Quick Links 
on the site and look under the heading 
“Seasonal Conditions Maps” 
Lupin anthracnose risk 
 
The severity and occurrence of lupin 
anthracnose is dependent on seasonal 
conditions, particularly rainfall, and the level of 
inoculum present at the start of the season. 
Anthracnose inoculum arises from either 
infected seed or by rain splash of spores from 
nearby infected lupin such as wild blue lupin.  
 
Lupin cucumber mosaic 
virus (CMV) risk 
 
CMV is introduced to crops through planting 
infected seed, but the arrival of aphids that 
spread it is dependent on the availability of 
green plants in summer and early autumn on 
which aphids survive before crops are 
sown.  Local climate data is used to predict 
aphid migration and the amount of yield loss 
likely from spread of CMV in lupins for each 
shire in the medium to high rainfall zones. This 
forecast was developed in collaboration with 
CLIMA.. 
Lupin Disease News 




need to sign a contract now, but you and the 
marketer can have a clear idea of a plan to 
minimise inconvenience and minimise costs. 
Consider the option of on farm storage 
instead of delivery off the header. Using in-
paddock “silo bags” may be economical if silo 
space will be at a premium. A GRDC funded 
study is currently looking at the capability of silo 
bags to maintain grain quality. They are used 
extensively in the eastern states and are 
gaining popularity in the Esperance region. 
You will also have to consider how to 
minimise handling of the grain. Every operation 
will cause some damage and potentially reduce 
quality. Chickpeas get a premium in the whole 
grain market. But they are fragile and will be 
damaged if handled poorly and/or often. 
Good planning on your part and good 
communication with your marketer will go a long 
towards getting your new chickpea and albus 
grain to a good paying market. 
In the marketing of grains there is always the 
conundrum of how much grain is enough to 
make the marketing effort worthwhile. 
This year will see the first of small quantities 
of chickpeas wanting to find a home on the 
world stage. How are you going to sell them 
when you might only have a small tonnage? 
What’s the marketer going to do with just a few 
tonnes of any commodity? 
The logistics of storing grain at your local CBH 
bin dictates that a segregation needs to have 
sufficient tonnage to be viable and be in the 
right place to suit the market. For growers of 
chickpeas and albus lupin this isn’t going to 
happen for at least a couple of seasons. 
Your grain will probably have to go to Perth, 
and at a time that will suit the marketer. 
Receiving small tonnages from harvest ties up 
storage until the amount becomes marketable. 
So the marketer would like to receive the grain 
at a time that suits his operations, not yours. 
Communication with a marketer now is the 
best way of determining just how you are going 
to sell your crop. It doesn’t mean that you will 
Good news for pulse prices  
Anne Wilkins 
Market Analyst Grains 
Food & Trade Development 
 
Industry experts have confirmed earlier 
predictions of a good year ahead for pulse 
prices on the back of increased demand from 
the key sub-continent markets. 
Traders now believe both chickpea and field 
pea production will be down in Pakistan and 
India, meaning there will be increased demand 
at some stage during the season. 
Supplies are also rumoured to be tight, with the 
fact Pakistan is buying yellow peas before its 
own crop was available sending a signal that 
Silo bag filling machinery—photo courtesy of Silo Bag 
stocks are very tight, news which has heartened 
Australian pulse producers. 
ProFarmer newsletter says it believes there will 
be firm prices across the board, on both old and 
new crop legumes. 
 
 




Award to John Slatter 
 
 Well known Pulse Australia agronomist John 
Slatter was recently awarded the GRDC Seed of 
Light for his work in pulses in Northern NSW and 
Queensland. 
Held in Goondiwindi, the GRDC Grains 
Research Update was the opportunity for John 
to receive the award at the conference dinner. 
John’s enthusiasm and tireless work to prove 
the worth of Pulses in the Northern region has 
resulted in Chickpeas becoming a very profitable 
part of the winter cropping rotation. He has also 
contributed to Mungbeans becoming a 
sustainable part of the summer cropping rotation 
as well. 
John has always taken a keen interest in 
pulse developments in WA and up until recently 
had responsibility for the direction of Pulse 
Australia’s activities in the state. 
Humbled and surprised by the award, John 
thanked his colleagues and friends throughout 
the country for their support in the promotion of 
pulses for farm profitability. 
Wayne Parker, Development Officer, 
Department of Agriculture and Food, Geraldton. 
 
Confidence in the chickpea industry is slow to 
return as disease risk unfortunately, and some 
would say unnecessarily, holds sway over the 
dollars and sense. Seed sales have been slow 
despite only small quantities of seed being 
available. 
Genesis 510 (ascochyta rating 3.5) has the 
highest ascochyta resistance of all previously 
released desi chickpea. There is 15t of seed  
available for bulking up under contract to 
Australian Agricultural Commodities. Seed 
already under contract for bulk up in 2006 is 
expected to produce 140t for the 2007 season. 
The remaining 15t can be contracted this year 
to add to the seed pool for next year to meet the 
expected high demand for this variety. Juliet 
McDonald, Coorow Seeds, can be contacted for 
any Genesis 510 seed enquires; ph. (08) 9952 
1088. 
Genesis 836 (ascochyta rating 4), released 
and bulked up in 2005, has sold well this 
season.  
Currently less than 5t is available for purchase 
from Coorow Seeds. This seed has been 
purchased for on farm bulk up. 
Seed of the kabuli variety, Almaz (ascochyta 
rating 3), is readily available from COGGO 
Seeds. They have 11t of Almaz cleaned and 
graded, 5t of which is treated with fungicide 
ready for the paddock. The seed size and 
colour of Almaz is very appealing to marketers. 
There has been a high level of interest from 
growers in the eastern states with 60t ear 
marked to supply this market. Brian Flanagan is 
your contact at COGGO for Almaz seed;  
ph. 1800 666 116. 
COGGO Seeds also have the licence for 
kabuli variety Nafice (ascochyta rating 3.5), 
released during spring of 2005. This variety is 
being held back for further bulk up. 30ha is to 
be sown this year. It is hoped that this 30ha, 
conservatively, will return 45t of seed for 2007. 
Genesis 836 at Mingenew in 2005 
John Slatter with 
his GRDC Seed of 
Light Award 
Chickpea Seed availability in 2006 and 2007 
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Faba Beans in the Great 
Southern 
Alan Meldrum, Pulse Development Officer 
Pulse Australia 
 
Ken and Wayne Pech farm a large property 
south of Gnowangerup in the shadows of the 
Stirling Range. Its a mixed enterprise of grains 
and sheep.  
The Pech’s have used faba beans for many 
years as a way of 
diversifying the cropping 
enterprise. Their yields 
have been consistent, 
averaging about 1.5 t/
ha, and the following 
cereal crops have 
always performed well. 
But just as importantly, 
the beans fit very well 
with the sheep 
enterprise. Crossbred 
lambs are finished on 
the crop residues, and perform better than they 
would have on any other form of stubble. 
Each year Wayne sows 200 hectares of 
Fiesta. He used to grow Ascot, but the bigger 
seed size of Fiesta is a plus for the markets. 
Wayne is considering replacing Fiesta with the 
new variety Farah, which has improved 
Ascochyta Blight resistance.  
The beans can be rotated with field peas if the 
break is later than mid 
May or if the intended 
paddock has a variable 
soil type. But Wayne 
prefers beans. “There’s 
no doubt that our wheat 
following beans is better 
than peas or lupins.” 
Wayne uses a lower 
than recommended 
seeding rate to achieve 
about 20 plants/sq 
metre. “The plants suffer 
less from competition 
and spring drought, and 
resist disease better. 
And I save about $20/
hectare on the seed 
costs which pays for one 
fungicide spray. We 
might miss out on some yield occasionally, but 
we can minimise some risk this way.” 
The seed size of the beans is an issue at 
seeding, harvest and when handling the grain. 
Modifications have been made to the airseeder 
to aid flow of the grain and gentle harvesting is 
required. “We use conveyers at the silos to 
minimise seed damage and try to minimise the 
number of times the grain is handled.” 
In-crop management is fairly straight forward 
but special attention is paid to Red legged earth 
mites. “The mites don’t cause much damage in 
their own right, but leave the plant vulnerable to 
disease through the damaged tissue. It’s best 
that they are controlled early.” 
Disease management is based on two sprays 
using carbendazim. “We spray at first flowering. 
Any disease will move quickly if not controlled 
then. We monitor the crop regularly, every few 
days, and use the second spray if the crop 
requires it.  The trick is to get the second 
application to last for the rest of the season. 
Always spraying before a rain event also 
maximises the protective effect.” 
The Pechs market their beans through 
Premium Grain Handlers. The price is fairly 
consistent, which is a good feature of faba 
beans. The need to move them quickly after 
harvest is a nuisance but necessary so they can 
be shipped before the seed coat oxidises and 
darkens. 
There are two aspects of faba beans where 
Wayne would like to see improvements. ”Better 
adaptation to variable soil types, and disease 
resistance. This would improve paddock yields 
and take more costs out of their production. If I 
could drop one fungicide spray, it would be a 
bonus.”   “Beans grow well here on the better 
class of soils, and fit our 
rotations and enterprises 
very well. We’ll stick with 
them for a while yet” 
Elevators and conveyers 
move the grain on the 
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2006 is unlikely to be remembered fondly 
by anyone involved in agriculture.  You 
don’t need me to tell you what happened 
as you have just lived through it.  But one 
thing I can pass on that many of you may 
not be aware of, are some of the aspects 
of pulse production from all around the 
state. My job allows me to travel through 
most of the south-west of WA and look at 
pulses crops and trials in various 
situations and evaluate both successes 
and failures.  So what did I see with 
respect to pulses during 2006 that caught 
my eye and might prove of interest to you 
in the next few years? 
 
First off it was quite pleasing to see once 
again how well field pea handled the low 
rainfall conditions.  For those of you lucky 
enough to get sufficient rain to sow field 
pea the crops grew quite well and 
perhaps in many instances exceeded 
expectations.  This may not have been 
matched by yield in many parts of the 
state due to the very hot and windy 
conditions during podding and seed fill, 
with yields in the main ranging from 0.6 to 
1.5 t/ha– but at least they grew in a tough 
year, which is more than you could say for 
a few of the other less robust grain 
legumes. 
 
Windy conditions at harvest saw many 
field pea swaths moving around, ending 
up on fence lines and in general looking 
pretty messy although the losses may 
have not always been that high.  This was 
particularly the case for trailing field pea 
varieties like Parafield, which are 
susceptible to being blown around, and 
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even more so if the crop had a low seed to 
biomass ration (most crops in 2006).  Things 
to consider to improve this situation would 
be to: only swath high yielding crops so 
there is more weight in the swath; only 
swath semi-leafless lines which lock in 
better; and use a flatter roller as it was 
evident that many canola (cotton reel) rollers 
are not flat enough to form a stable swath. 
 
I had the opportunity to look at several plant 
breeding sites and it was very pleasing to 
see the next generation of “Kaspa-like” lines 
coming along.  It was even more pleasing to 
not go “What’s that plot? - it looks good” and 
find out it was a control plot of Kaspa, which 
is what has been happening for the last 3 
years.  Many lines seemed to be earlier 
flowering than Kaspa, so it will be very 
interesting to see how well they yield in such 
a tough year.  I recommend people check 
out the Crop Update proceedings when they 
are uploaded in late February 2007.  I would 
also look out for how well Bundi goes in your 
part of the world. It’s an early flowering white 
seeded version of Kaspa, and some of the 
results I have seen indicate it handles dry 
seasons and late sowings better than most 
other lines.  Now I just want a dun version of 
it! 
 
This year we had a number of demos and 
trials showing the effects Pea Seed-borne 
Mosaic Virus (PSbMV) can have on field pea 
stands and yield.  They were a real eye 
opener for someone like me –as they may 
go some way to explaining why certain 
paddocks or plots look a bit ratty or patchy 
compared to nearby paddocks or plots.  
Once the results from the trials have been 
analysed and digested we will provide some 
further guidelines for what to do if you 
suspect, or even if you do not suspect, 
PSbMV is affecting your crop.  At this stage 
we recommend a 1 kg seed test by 
AGWEST Plant Laboratories (08 9368 372) 
Continued page 2 
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Field Pea, a crop for all seasons 
Wayne Parker, DAFWA, Geraldton 
Rob Nankivell, 20km east of Maya in the low rainfall 
north eastern wheatbelt, was able to harvest a 960kg/ha 
Kaspa crop this season.  A fantastic result considering 
the crop only received 70mm of growing season rainfall.  
 
The fantastic yield for the season may be attributed to a 
number of factors.  The crop was sown in early May with 
an almost nil Blackspot disease pressure due to 240mm 
of January to April rainfall. A thunderstorm in April was 
enough to get the crop established and the summer 
rainfall in the soil profile helped the crop to grow through 
long periods without rain, perfectly stopping any Blacks-
pot present.  
 
The variety itself played a big part in the overall result. 
The upright nature of the semi leafless Kaspa and its 
sugar pod trait are real winners at harvest. The tendrils 
help provide support to the plant and keep the canopy 
higher off the ground. This helps during harvest as the 
pods are higher off the ground making it easier to get 
the comb beneath them. The sugar pod trait also en-
sures very little seed is lost by pod shatter, as a result 
almost nil grain was left on the ground after harvest.  
 
When asked if he would be sowing Kaspa in future, Rob 
said that he would provided conditions were favourable.  
The summer rains and April thunderstorm allowed early 
sowing with nil Blackspot pressure and knockdown con-
trol of germinating weeds. The first of the few things he 
would do differently would be to roll the paddock. A 
number of soil clods went through the harvester despite 
the canopy being off the ground. It is advised that Kaspa 
paddocks are rolled after seeding. Growers should not 
be lured into a false sense of security with the increased 
harvest height of the variety. Kaspa crops may lodge 
and will drag in soil clods if the paddock is unprepared.  
 
Those growers considering a rotation to their wheat on 
wheat system would be advised to think about field pea.  
for $490 and seek other sources of seed or further 
information if your test result is more than 5% infection. 
 
We appreciate that for many farmers 2007 will be a year 
to sow wall to wall cereals, but it is my job to remind you 
not to forget your break crops, and that market forecasts 
are indicating good prices for pulses over the coming 
years as India struggles to match supply with demand.  
In particular farmers in medium to high rainfall regions of 
the Northern Wheatbelt should be talking to seed 
suppliers of chickpea seed for 2007 or 2008 plantings, 
and taking interest in the trials and demonstrations of 
the new chickpea lines which now offer good ascochyta 
resistance.  For farmers further south, 2007 will 
hopefully see many farmers sow the field pea seed they 
kept in the shed in 2006 and we will see a return to the 
rate of increase in area sown to field pea which will see 
WA become the second biggest field pea growing state 
in Australia. 
 
Goodbye and good riddance to 2006. I wish you better 
luck next year. 
Editorial cont. 
Wayne Parker in the Kaspa crop, as it looked during 
the first week of September 2006, photo Terri Jasper 
DAFWA. 
The annual Crop Updates 
presented by DAFWA, GRDC 
and Grower Groups will be 
throughout regional WA in 
autumn. 
 
The Updates present the latest in technical results for 
the farming community. Advisors, consultants and farm-
ers  attend each year to gain the knowledge they need 
to advance the broadacre grains industry in WA. 
 
The topics presented vary between centres to reflect 
the farming needs of the area. For the latest program 
Crop Updates on 
again 
 
Date Place Contact 
Tuesday  
20th Feb 2007  
Merredin Vanessa Stewart  
Ph 9081 3149 
Wednesday  
21st Feb 2007 
Jerramungup Leanne Bee 
Ph 9835 1177 
Thursday  
22nd Feb 2007 
Northam Tom Sweeny 
Ph 9690 2154 
Friday  
23rd Feb 2007 
Corrigin Cindy Parsons  
Ph 9881 0201 
Wednesday  
7th March 2007 
Esperance Jeremy Lemon 
Ph 9083 1120 
Wednesday  
7th March 2007 
Buntine Brianna Peake 
Ph 96642030 
Thursday  
8th March 2007 
Dongara Debbie Allen 
Ph 9928 1506 
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After many years of service as President of the 
Pulse Association of the South East (PASE) Inc., 
Chris Hockey has stepped aside and Ron Longbot-
tom has taken over the reigns.   Ron reckons its part 
of the PASE youth policy, but who is he kidding!  
Chris remains on the committee, is chairman of the 
marketing committee for PASE, and is the first point 
of contact for the PASE field pea pool (mob 042 775 
4142). 
 
Ron has been a real champion of pulses in general 
and field peas in particular in his patch of the world – 
Grass Patch. Ron and wife Kerry started growing 
field pea in 1992 after obtaining some Dundale seed 
from a friend at Salmon Gums.  1992 was a wet year 
so the field peas went very well - 2.0 t/ha.  But talk 
about field pea decline – yield in 1993 was 1.0 t/ha 
and 1994 it was a miserable 0.5 t/ha, at this rate he 
would be buying more seed for the 1996 crop.  Nev-
ertheless Ron persisted with field pea such that in 
2006 he grew over 1400 ha of peas and he has a 5 
year average field pea yield of 1.6 t/ha – although as 
Ron comments he has never actually harvested a 
1.6 t/ha crop, it’s always been better or worse. 
 
Growing field pea has allowed Ron to remove stock 
completely from his farm and in conjunction with no-
till and gypsum application his soils have noticeably 
improved over the years and his wheat yields with it.  
He stopped using sulfonylureas on his farm in 1990, 
and he considers it took until 2000 for them to stop 
affecting following crops.  Many of Ron’s neighbours 
have noticed the changes and are now following 
suit. 
 
For many years Ron has had Department of Agricul-
ture and Food Western Australia trials on his farm.  
Trials of note were the collaborative trials between 
the SARDI field pea breeding program and DAFWA 
which saw Ron’s farm providing the vital information 
to show Parafield was a line worth growing in the 
Esperance port zone – and we subsequently saw a 
very rapid adoption of Parafield.  Ron was also one 
of the first farmers in WA to try Kaspa and it is his 
header in many of the promotional shots for Kaspa. 
 
As President of PASE, Ron is now in charge of over-
seeing the safe and effective marketing of 42,000 ha 
of field pea in the Esperance port zone for the 175 
members of PASE.  Ron comments that “PASE has 
always been able to get a price for our peas in Es-
perance equal to or better than those offered in 
Perth” and that is still the benchmark which PASE 
tries to achieve.  Ron has always been keen for the 
PASE committee to improve their skills to ensure 
Changing of the guard at PASE 
they are safely selling members peas – and he re-
cently travelled to Perth with other committee mem-
bers to complete a NACMA training course. 
As his field pea area expands Ron is now on the 
lookout for a second break crop.  He does green ma-
nure vetches and narbon beans, but he would like to 
be in position to have another grain legume for deliv-
ery.  Ron is trying canola again particularly on weed-
ier paddocks. His Bravo canola crop at Grass Patch 
went 0.4 t/ha and 39% oil, so Ron is keeping a keen 
eye on the development of low rainfall canola and 
mustards that might improve yields and fit in with his 
field pea/cereal/cereal rotation. 
 
Snapshot of Ron and Kerry Longbottom’s  
farming operation 
 
Grey sandy loams (pH 8 CaCl2) overlaying a sodic 
sandy clay subsoil at a depth of 10-40 cm.   
 
Scaddan  1000 ha 
Grass Patch  3600 ha  
Total crop area 4600 ha 
Field pea area 1457 ha (32% of total crop area) 
 
Crop yield (t/ha) and 5 year average yield 
over the period 2002-2006. 
 
 
Year Field pea Wheat Barley 
2006 1.1 2.5 1.7 
2005 2.4 4.0 3.3 
2004 1.2 2.6 1.8 
2003 2.4 3.7 3.1 
2002 0.8 1.2 0.8 
Average 1.6 2.8 2.1 
Mark Seymour 
Dept of Agriculture and Food, Esperance 
Ron Longbottom, right, with Geoff Sanderson, fellow 
Grass Patch farmer and PASE committee member– 
courtesy Kerry Longbottom 
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Weed control is the number one problem cited by grow-
ers when discussing the production of lupins. One of the 
options possible in wide row lupins is cultivation be-
tween the rows. 
Background 
Preliminary research was conducted assessing cultivat-
ing between wide rows of lupins to control weeds. This 
is part of a GRDC funded project investigating alterative 
weed control options in lupin. The major advantage is 
that this is a non-chemical method of killing post emer-
gent weeds. Tillage was done with two 20 cm wide 
sweep points positioned between 44cm rows. Depth of 
cultivation was approximately 2 cm, skimming below the 
soil. This was done at three stages of lupin growth, 4 
leaf, 10 leaf and flowering. At each of these stages 
speeds of 2, 4 and 8 km/hr were used. 
It was thought that this tillage was likely to work rea-
sonably well for a number of reasons: 
♦ Lupins are stiff stemmed and should physically 
tolerate tillage without large yield losses to lodg-
ing. 
♦ Sandy soils are well suited to cultivation due to 
relative ease of tillage and infrequent clodding 
and transplantation of weeds. 
♦ Extended dry periods stress weeds and reduce 




Yields of the untilled control treatment were similar to 
those of the early tillage treatments; indicating that at 
this time lupins tolerated tillage well. Lupins were sensi-
tive to tillage at flowering. Speed of tillage made little 
difference to yield.  
 Grain yield (t/ha). 
 
Conclusions 
This trial has proven the concept that post emergent 
tillage is possible in lupins. More work on the effective-
ness on weeds is being done. 
  Speed (km/hr) 
Crop stage 0 2 4 8 
No tillage 4.506       
4 leaf   4.32 4.61 4.14 
10 Leaf   4.07 4.35 4.07 
Flowering   3.87 3.63 3.43 
 
Lupin News 
With Martin Harries Grain legume Research Officer, Department of Agriculture and Food, Geraldton 
During July and August most lupin crops looked as 
though they would struggle to yield at all. This raised 
concerns that growers would find it difficult to source 
lupin seed for 2007. Fortunately, in some areas at 
least, a reasonably soft finish allowed lupins to yield 
well enough to be profitably harvested at current 
prices.  
 
With seed supplies tighter than normal this year it is 
very important to make sure that the seed you have is 
good, and sooner rather than later. Seed harvested 
from light crops can suffer damage ranging from the 
lack of moisture to finish well, to germination loss from 
rattling around in the header. Not all of this damage is 
visual, so conducting a germination test very important.  
Three kilos of seed should be sent to; 
AGWEST Plant Laboratories 
Department of Agriculture and Food Western Australia 
3 Baron-Hay Court, 
SOUTH PERTH WA 6151 
 
Enquiries 
Phone: 08 9368 3721 
Fax: 08 9474 2658 
Email:agwestplantlabs@agric.wa.gov.au 
 
More information on seed tests and prices can be 
found at page 41 of 
www.agric.wa.gov.au/pls/portal30/docs/FOLDER/
IKMP/_ABT/AS/200607_FEES.PDF#page=1  
Seed tests available for lupins 
Anthracnose only $265.00 
Growers Pack 
Includes germination, 1000 seed weight 
and CMV 
$270.00 
Growers pack plus 
Includes germination, 1000 seed weight, 
CMV and anthracnose 
$530.00 
Lupin seed sellers pack 
Includes germination, 1000 seed weight, 
CMV, anthracnose and impurities 
$570.00 
CMV only test ( described as a PCR test) $175.00 
Top class lupin 
seed is the best 
way to start next 
year 
Check your lupin seed 
Inter-row tillage at 
the start of flower-
ing. (Sweep points 
were attached to a 
seeder bar). 
Cultivation between lupin rows 
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Chickpea in 2007, ready to go 
Chickpea are ready to make a comeback in the northern 
wheatbelt area of WA.  Chickpeas are a valuable com-
modity at present both as an exportable grain at $350+/
tonne and as seed for next years crop. 
  
2006 has done little to improve seed supplies, neverthe-
less seed is available of Ascochyta Blight (AB) resistant 
varieties such Genesis 510 and 090 from suppliers 
listed at the end of this article. 
   
This year a number of growers attempted to grow chick-
peas with varying degrees of success. Many planned 
chickpea crops were not sown as the season was too 
late breaking. A brave but wise decision as this seed 
now awaits more favourable conditions in 2007. 
  
As chickpea seed for 2007 is scarce and it will be impor-
tant to maximise the potential of the available seed. All 
chickpea seed new or old should be germination tested. 
This will give an indication of the viability and vigour of 
the seed. Seed does lose viability during storage. The 
older the seed, the less viable it is expected to be. 
Chickpea seed, like lupin seed, can also be easily dam-
aged at harvest so all seed should be germination 
tested to determine it’s suitability as seed. Germination 
testing during January/February will give closest estima-
tion of viability at seeding while allowing time for sowing 
to be 
planned. Less viable seed will require increased sowing 
rates. 
Better seasons will ensure availability of a greater quan-
tity of seed. For 2007 it is important that growers maxi-
mise chickpea seed production by finding out what the 
viability of their chickpea seed is by having their seed 
tested. The contact details for AgWest Seed Labs is 
shown on page 4. 
 
If you’re looking for seed of the new ascochyta tolerant 
lines contact 
Coorow Seeds on 99521088 and  
AWB Seednet partners on 90454036 and 96511069 
Genesis 510 has been more than seven years ‘in the 
making’ and represents the “first” of the ascochyta re-
sistant chickpea varieties which are capable of profit-
able yields with only a single application of fungicide.  
 
2006 saw Dudley Squire, south of Mukinbudin, suc-
cessfully grow 40 hectares of Genesis 510 yielding 1.0 
t/ha. The secrets to Dudley’s success include sowing 
into moisture and an efficient soil active herbicide 
(Balance®) at sowing which meant follow up broadleaf 
sprays were not required. Stored moisture from late 
summer rains kept the crop alive as only 56mm of rain 
fell from May to the end of August. In early September 
57mm of rain fell in one event onto the flowering crop 
which enabled the plants to put on additional flowers 
and fill the resulting pods.  
 
Also in 2006 Jane and Perry Keune east of Ajana tri-
alled Genesis 510 and Genesis 836 in large plots 
alongside the ascochyta susceptible variety Sona. The 
very low rainfall and subsequent low disease pressure 
saw the Sona plots yield 600kg/ha 
 
The crop remained clean despite the late rain. Bal-
ance® achieved good control of broadleaf weeds early, 
and follow up broadleaf sprays were not required. 
 
Another thing in growers favour this year was the very 
low disease pressure. Minimal disease is the result 
when combining low rainfall with low chickpea residues 
across the state. Such conditions have also worked in 
favour of Jane and Perry Keune east of Ajana, in the 
far north of the wheatbelt, with their latest chickpea 
crops. As the only chickpea growers in their low rainfall 
region Jane and Perry have been able to harvest Sona 
at 600kg/ha, the most ascochyta susceptible of all va-
rieties. Trialling Genesis 510 in a large comparative 
plot alongside Sona and Genesis 836 both were happy 
with its height and disease resistance.  
 
These growers, Dudley, Jane and Perry, take a re-
served approach to sowing chickpea in 2007. Their 
caution is directed towards seasonal conditions and 
stored soil moisture than disease risk.  If 2007 moisture 
conditions are positive then Genesis 510 chickpea 
would be part of the sowing program on suitable soil 
types.  
 
Squire’s 40t of Genesis 510 is being supplied to ED-
SCO for cleaning and bagging prior to becoming avail-
able as seed in 2007 and will be available as seed in 
2007 through Australian Agricultural Commodities. 
Genesis 510 – a new beginning 
for chickpea. 
Genesis 836, 
Jane and Perry 
Keune, East 




With Wayne Parker Grain Legume Research Officer, Department of Agriculture and Food, Geraldton 
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their price volatility has declined, further reducing the risk 
of growing them. Chickpeas are almost a low risk crop in 
their own right.  
 
A third year of cereals will be costly if you don’t plan to 
have adequate legume seed stocks ready for 2008. 
In the last 
edition I fore-
cas t  the 
launch of the 
new lupin website from Pulse Western Australia. A few 
technical glitches delayed this– but no longer. Its now on-
line and looking good, thanks to the hard work of Mark 
Sweetingham and his team from the Dept of Agriculture 
and Food. 
 
The home page , shown here, features information on the 
history of lupins, photos and links to all manner of organi-
sations. 
The buttons down the right hand side will send you to the 
latest information to assist you in growing, handling and 
marketing your lupins. 
The site is still evolving and new features and links will be 
added over the coming months. 
 
Your thoughts and opinions are welcome. Please use the 
enquiries button to have your say 
New website for Lupins– 
finally 
After battling 2006, many growers will be looking to cere-
als, and wheat in particular, to resurrect cashflows and 
recover equity next year. This is a low risk option given the 
poor yields this year and left over fertilisers. Cereal prices 
are also looking reasonable for the 2007 harvest. 
But in the rush to plant cereals wall to wall, don’t forget 
about your rotations for 2008. 
Are you going to have enough seed of your regular lupin or 
pulse to plant in 2008? 
 
Seed held over from this year needs to be stored well and 
tested to ensure its viability does not decline. Even so, will 
this be enough? What will you do if your 2006 seed ends 
up with a low germination test? 
The answer will be to plant a seed paddock in 2007 to pro-
vide adequate seed for 2008. A good yield starts with good 
seed, and enough to plant your intended area. 
 
Apart from replenishing your own seed, this is also an op-
portunity to start bulking up seed of either a better variety 
or a new crop. 
Mandelup lupin seed is available from your neighbour and 
the seed companies. Planting a small area will enable you 
to move into this high yielding variety with confidence in 
2008. 
Chickpea prices are at a record high this year and the new 
varieties can deliver a crop with very manageable as-
cochyta blight control. Many growers successfully grew 
them before ascochyta blight arrived. The best news is that 
Will you be ready for 2008? 
Enough Lupin seed for next year 
While the season lurched from bad to awful back in July, 
concerns were raised throughout the industry about the 
need for lupin seed in 2007. Surplus lupins were being 
sold for a premium for stockfeed throughout the state. 
Much of this was suitable as seed if it was made available 
for sale. 
 
I had plenty of enquiry from growers with suitable seed 
after the idea was publicised that the industry needed 
seed. Approximately 4,000 tonnes of lupins was adver-
tised for seed in August, September and October. Cou-
pled with the somewhat unknown quantity of Mandelup 
that was advertised at the same time, and the way these 
Mandelup crops finished, it seemed that the situation was 
OK– adequate seed supplies are available. 
 
However, don’t leave it too late to source your seed. Its 
best done before Christmas. Most varieties are available, 
so you should be able to get one that suits your place and 
budget.  




As the 2006 season has progressed with pasture 
and grain production dwindling, the demand for 
stockfeed has grown. While most people are aware 
of the benefits of feeding lupins to sheep and cattle 
the nutritional value of many of the pulses are little 
known. 
The metabolisable energy (ME) content of peas for 
ruminant animals is high (11.7 – 12.0 MJ) similar to 
lupins, the crude protein 23.4% compared to lupins 
28.9%. The fat content of peas is very low, as are 
the levels of fibre and lignin, whilst the content of 
soluble carbohydrates (mostly starch) is high thus 
the need for an introduction period to avoid acidosis.  
Faba beans have similar ME content and protein for 
ruminant animals as peas, more crude fibre and 
possibly lower levels of tannins and vicine than 
peas. 
 
Many lupin crops are only grown for on-farm sheep 
feed due to lupins easy feed, high protein and high 
energy properties. 
However, results from a grazing trial conducted by 
the Muresk Institute of Agriculture with cross-bred 
lambs, showed that field peas and faba beans are 
viable stockfeed alternatives to lupins. 
The dressing percentage of lambs grazing field peas 
was higher than those grazing faba beans or lupins. 
The lambs grazing faba beans were also found to be 
heavier with higher growth rates than lambs grazing 
either field peas or lupins.  While the lambs grazing 
lupins had significantly whiter fat than lambs grazing 
faba beans or field peas, yet there were no differ-
ences in meat colour. 
In summary once the lambs had been introduced to 
field peas or faba beans growth rates and dressing 
percentage were higher for peas or beans than for 
lupins, which must mean greater profits for the pro-
ducer and processor 
The days of growing poor performing lupins just to 
feed stock may be coming to an end as field peas 
present a better all-round option.  On many soil 
types where lupins are difficult to grow, field peas 
Feeding pulses to stock 
Ian Pritchard, Department of Agriculture 
This new publication from Pulse Australia was re-
leased in October for the Pulse Focus Conference 
2006’Pulses for the Feed Industry” conducted in 
Corowa NSW. 
It contains information about the various aspects of 
pulses, which pulse suits various types of animals, 
options for extensive and intensive feeding as well 
as information about how pulses fit into the farming 
system. 
Free copies are available by contacting Ian 
Pritchard on 96902158, Alan Meldrum, Pulse Aus-
tralia, on 94540383 or your local DAFWA office. 
will not only produce higher yields but also a cleaner 
crop. Because of the later sowing time for field peas, 
weed control can be undertaken prior to sowing, at 
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Editorial
Alan Meldrum, Pulse Australia
The 2007 season is
approaching fast with
more than the usual
distract ions facing
growers. Marketing,
m a r k e t i n g ,
marketing…………. Has
there been anything
else happening in the
rural world of late? Lots
of uncertainty exists with conjecture
everywhere about the type of change
required for wheat export marketing.
While the focus has been on wheat and
agro-politics, one clear message is
apparent that growers of grain legumes
should heed- marketing starts now, not
just as the header starts in the paddock.
I highlighted the need last year in edition
5 in response to some concerns from
growers about their options to market
lupins and pulses.
The key message is to find a buyer now
and explore your options. Just as you
can forward sell wheat, you can forward
sell lupins and pulses. You can strike a
price that satisfies your budget and
minimise your risks. For lupins, the fall
back position will be- deliver to the pool.
For pulses, there won’t be a pool option.
Knowing who you’re going to sell to
during or after harvest will save you
plenty of angst and may realise a better
price. Many buyers can’t receive grain off
the header in small parcels. By
establishing a good working relationship
with a buyer, you can help each other
maximise the benefits of selling your
grain.
Last years poor season means plenty of
wheat is to be grown in 2007. There are
good reasons for this and it’s a low risk
option for many. However, don’t forget
about lupins and pulses this year.




















Dos and don’ts for
peas
Chickpea seed





You may not need or want to grow much this
year, but what about next year, and the year
after?
This means ensuring that your seed
supplies for 2008 are secured this year. You
need to keep your options open for 2008. By
producing enough seed in 2007, you’ll be in
a position to re-establish your rotations.
This may the right time to get the best
variety for your area. Mandelup is the best
lupin for 85% of the state. You should grow
Tanjil if you’re in the northern area where
Anthracnose will challenge Mandelup. If
you’re on the south coast where black pod
syndrome is prevalent, Quilinock will provide
the best yields. Seed of Quilinock is
available if you look hard enough.
The most disappointing aspect of last year
was the effect on seed supplies of
Andromeda albus lupin and the new desi
chickpea varieties Genesis 836 and Genesis
510. Barely enough was harvested to
recover the seed used, meaning that almost
all stocks are back to seed production this
year. Some supply of Andromeda is still
available from COGGO Seeds. Keep a look
out at field day time for information on
ordering seed for 2008 of these very good
lines. They are good enough to ensure
profitable production. With chickpea prices
at an all time high and demand likely to be
maintained for the medium term, it’s a
shame we can’t capitalise on the
opportunity.
Esperance farmers have been focussing on
anything but preparations for 2007. The
PASE group have just returned from India,
visiting marketers, mills and R&D institutions
to understand how their products are used
and know the requirements of the market.
The trip report is on page 6 and I expect
that other grower groups should take the
plunge. The PASE itinerary will be a very
good template for future visits.
The SEPWA group have visited Malaysia
under the guidance of the GrainPool to see
how their wheat is being used in that area. I




GREG SHEA, DEVELOPMENT OFFICER, DAFWA, Merredin
There is a lot of debate in our industry at the moment as
to the merits of tightening crop rotations to gain more
immediate cashflow. Some growers can have a negative
cashflow when lupins are in the rotation. Much of this
can be related to yield potential - often related to poor
yields from growing lupins on the unsuitable (heavier)
soil types in low rainfall situations. Switching to a pasture
phase on sandy soil types is an option but remember
that the nitrogen does not fall from the sky…pasture leg-
umes will need to be established and the livestock enter-
prise has to provide a reasonable return to be competi-
tive.
For the heavier soil types, field peas are still the best
cropping legume option with better management options
and plenty of experience from the last few years across
the southern Wheatbelt showing how they can hold their
own as a rotational option.
Before you can make the choice of what to grow you
need to know the cost of production per tonne and the
calculated rotational benefit. Lupins provide a rotational
benefit of slow release nitrogen, weed control and the
disease break to the following cereal crop. Most impor-
tantly, on the deep sandy soils to which lupins are
suited, there is usually a large response to nitrogen sup-
ply in the wheat phase. Continuous cereal is not an op-
tion on this soil type and while canola gives a good dis-
ease break, it still does not provide the fixed nitrogen as
lupins do.
As we all are aware, herbicide re-
sistant ryegrass and wild radish have become a chal-
lenge to making lupins viable. Better integrated strate-
gies have been developed in the last few years for
managing these problem situations, so talk to your
agronomist about how to tackle your weed control is-
sues.
The real challenge with the continuous cereal rotation
is maintaining the wheat protein. Many years of re-
search tells us that the organic nitrogen from legumes
is crucial for keeping wheat protein high. Bag nitrogen
does not provide the same reliable boost in wheat pro-
tein as the residual organic nitrogen and urea prices
have gone through the roof making a reliance on bag
nitrogen potentially uneconomic.
The advent of the variety Mandelup has made lupins
easier to grow through their tolerance to metribuzin,
easier croptopping and their excellent harvest height.
The high yield potential has been well demonstrated
since Mandelup’s release in 2004 making lupins still an
option where the soils are suitable and the growing
season reliable. Talk to your agronomist/consultant
about how to make the best use of sandplain soils and
put all the benefits and costs of all the options on the
table before tightening those rotations in 2007.
Transparency is the key for rotation decisions
Beware of brownspot in lupins
Lupins will be at increased risk of brownspot infection
this year if growers skimp on their seed fungicide appli-
cations. The lack of ground cover means that lupins
could risk losses from brownspot infection.
Research conducted over many years has shown the
vital role that stubble retention plays in reducing the im-
pact of brownspot on lupins. With the lack of stubble pro-
tection this year, the use of seed fungicide will be vital to
protect lupins from brownspot.
Brownspot is caused by rain splash moving the spores
from the soil to the plant during the very early stages of
growth. Stubble greatly reduces rain splash and, com-
bined with seed fungicide, normally stops brownspot
causing any problems. Additionally, all current varieties
of lupins have good tolerance to low levels of brownspot.
This means that WA growers have not had to consider
brownspot as a problem for many years.
This year is different in that the protection afforded by
stubble will be less. Brownspot can also be more dam-
aging if the lupin suffers any physical damage from sand
blasting.
Seed fungicide will be more important than usual. You
should apply an Iprodione (eg Rovral) or Procymidone
(eg Sumisclex) to your lupin seed to protect their yield
potential. It’s important to apply the fungicide well be-
fore seeding. This allows peat inoculum to be applied
at sowing to avoid damage to the rhizobium.
Never mix the fungicide with the peat inoculum. Alter-
natively, clay based inoculums can be used to avoid
any toxicity issues for the rhizobium.
Avoid poor vigour and establishment by protecting
your lupins from Brownspot infection.
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Table 1: yield variation from 25cm row spacing kg/ha
Figure 1: lupin yield response to row spacing at 5 sites
Conclusions
In general 2006 was not a particularly good year for using wide rows anywhere. Crops sown in wide rows grow
more slowly and use less water early in the year. This leaves more water in the soil for grain fill later. However
there is a limit to this. If there is very little rainfall and little moisture stored in the soil there is limited drought proof-
ing gained by sowing in wide rows. These trials still showed that;
In southern areas large yield losses can be expected when sowing lupins in rows wider than 25 cm. This is
true for all lupin species. Wide rows are better used on loamy soils.
Lupin species at various row spacings in 2006
Martin Harries, DAFWA Geraldton
A recent analysis of nineteen field trials conducted between 2002 and 2005 concluded that lupins spaced in rows
of 500 mm or wider tended to yield better under dry warm conditions. These trials were located in the northern
half of the wheat belt and compared Angustifolius lupins spaced in rows 18 cm to 100 cm mm apart. Given that
wide rows tended to yield better in warm dry conditions it was suggested that yield would decline rapidly at row
spacings beyond 25 cm in the southern, cooler climates, of the Western Australian grain belt. A series of five tri-
als from Mingenew to Mount Barker were conducted in 2006 to investigate this.
Yield dropped rapidly when using wide rows at southern sites
Yields declined dramatically as a result of increasing row spacing beyond 25 cm at the southern sites, Boyup
Brook and Mt Barker (Figure 1, Table 1). Three species were tested in the trials, angustifolius, albus and yellow
lupin. All species responded in a similar manner with large yield losses from increasing row spacing beyond 25

























Lupins were better in wide rows on heavy
soils
The series of trials included two trials at
Merredin research station; one on a sand and
the other on a loam. Yield was highest on the
heavy soil at 50 cm and declined only at the
very wide spacing of 100 cm to be approxi-
mately 80% of the 50 cm row yield. On the
lighter soil, yield declined significantly beyond
the 50 cm spacing and at 100 cm yield de-
clined dramatically to approximately 50% of












Yield 2147 1736 1134 846 545
50 cm -284 -297 -132 -68 +66
75 cm -475 -713 -153 -145 +15
100 cm -960 -691 -607 -432 -54
4
.Pulse Options for High Rainfall
and waterlogging
If you want to know your pulse options for medium and
low rainfall cropping rotations, you’ll find a myriad of
information available. Varieties, management, disease
control, weed control are all detailed for each species.
But what if you want to know about the options for a
high rainfall area where waterlogging is a constant
threat? Much less is known and trialling the options for
yourself may be the only way out.
For Kellie Shields, who runs the Gunwarrie property at
Frankland in WA, this was the scenario. A continuous
rotation of cereal/canola needed the input of a grain
legume to bolster nitrogen and provide alternative
weed control options. In a 500mm growing season
rainfall area, which legume will fit into a cereal/canola
rotation and be productive in the face of acid soils and
the risk of waterlogging?
The first thought was to try lupins. The Shields family
has a great deal of experience with lupins at their
property in Wongan Hills. While this gave Kellie the
confidence of knowing how to go about producing
lupins, it didn’t address that fact that Frankland is a
different environment.
Cropping in high rainfall areas is generally based on
cereals grown after pasture legumes. Grain legumes
form a limited part of the cropping scene, resulting in
very little knowledge of their fit in a continuous
cropping regime.
The Gunwarrie soil types are predominantly forest
gravels and sand/clay, a pH of 4.5 to 5.5, and high
levels of organic matter from the decades of pastures
that preceded the current cropping regime.
Waterlogging and poor mid winter growth from a lack
of sunlight, makes the environment very different from
that of the wheatbelt.
To tackle waterlogging, Kellie installed raised beds, in
conjunction with Greg Hamilton from the WA Dept of
Agriculture and Food, in 2004 to a 90ha paddock
which suffered major yield loss in 2003. Barley yields
jumped to 2.3 t/ha in 2004 from a poor 1.2 t/ha in
2003.
I recommended broadacre trialling peas, lupins and
faba beans in 2006. The peas offered the chance for
pre-seeding weed control, robust in-crop weed control
options and an early harvest with a croptopping
opportunity. But they don’t provide much tolerance of
waterlogging. Kaspa was chosen as its height at
harvest would reduce the risk of harvesting gravel
stones compared to a trailing type.
Lupins offered the same benefits as peas with better
variety options. Mandelup was chosen as it is a quick
maturing variety. But the waterlogging tolerance of
lupins is quite poor.
Yellow lupins showed some
p o t e n t i a l f o r t o l e r a t i n g
waterlogging at Mt Barker in 2005,
outyielding Mandelup by 10%.
Perhaps this species would find a fit at Frankland.
If waterlogging was the only concern, you’d choose
faba beans. They are by far the best legume where
too much water will kill most other species. New
varieties Farah and Nura, with better disease
tolerance, were tested against the standard bearer
Fiesta. The question was- will either outyield Fiesta
while requiring less fungicide to control ascochyta
blight?
2006 was the wrong season to test waterlogging
tolerance, and there was no shortage of sunlight in
August to inhibit growth. Planted on June 3 into barely
adequate moisture, growth of all species was close to
spectacular when rain started falling regularly in
August and September. Only the faba beans showed
limited yield potential because of the late planting
date. They would have benefited greatly from an early
May sowing.
The final yields are shown in the table below. The
Kaspa peas were the only crop to yield as well as they
looked, perhaps even better. The Wodgil lupins were
disappointing, the Mandelup lupins below
expectations and the beans came in about as good as
they looked.
Being a dry season, there was little disease to
compromise yields in all species. But for the beans in
particular, the lack of disease enabled Fiesta to
comfortably outyield Farah and Nura.
Kellie Shields is going to continue to trial the various
species in 2007 in paddock scale blocks, recognising
that little was learnt about the fit of any species in a
more normal year. The yield of Kaspa indicates that
peas will be a good choice for most situations, with
beans filling the lower parts in a paddock. Lupins will
always be considered, but the projected harvest price
will be the deciding factor. Beans will always fit where
waterlogging is going to limit yields.
The challenge is to strike the balance between
production risks, market prices and yield potentials.
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Kaspa 2.7 t/ha 310 837
Wodgil 1 t/ha 300 300
Mandelup 1.6 t/ha 280 448







situations), some grass weeds, and a wide spectrum of
broadleaf weeds. It is important to level the seedbed
by harrowing and/or rolling before applying this
mixture.
The benefits of this option are:
the improved control of broadleaf weeds
efficacy is less affected by heavy stubble
the mixing of 2 chemical groups to aid your
weed resistance management
insecticide can be added to protect against
mites and grubs
the chemicals can be applied once the seeding
rush is over.
The downside is the paddock has to be levelled before
the herbicides can be applied.
Whilst both of the fore-mentioned herbicide strategies
are usually effective in most field pea crops, for better
control of volunteer medic or doublegee, Diuron may
be replaced with 150-200 g/ha of Metribuzin. This
chemical is “hotter” on the weeds but may also be
“hotter” on the crop particularly if shallow sown. Over
recent years extreme damage following Metribuzin
application PSPE on to furrow sown crops prior to
paddock levelling has been seen. It is vital in no-till
crops to have separation of the chemical (Metribuzin)
and the field pea seedling either by ‘spray and throw’
or ‘flatten and spray’.
There are two commonly used pre-emergent strategies
used on field peas in Western Australia. For both
strategies it is important not to sow field peas too
shallow – sow at least 5 cm deep, and where Diuron/
Metribuzin are used, level the seedbed by harrowing
and/or rolling before applying either of the herbicides.
Otherwise, rain may concentrate the herbicides in the
furrows, damaging the field peas.
1. Apply 1 – 1.5 L/ha diuron (500 g a.i./L) and 1 – 2 L/
ha trifluralin (400 g a.i./L) before sowing when the crop
is sown with knife points.
The diuron controls many broadleaf weeds and the
trifluralin controls grasses and wireweed.
The benefits of this option are that it can be applied
before seeding and rolling and is a relatively cheap.
The downsides are the efficacy of the trifluralin may
be reduced in heavy cereal stubble paddocks and a
useful shot of trifluralin is being used in field pea when
it may be better to save it for a cereal crop. In
conventionally cultivated systems, which leave the
paddock relatively flat, apply diuron post-sowing pre-
emergent (PSPE). The trifluralin is still best applied
before sowing to ensure that it is well mixed with the
soil.
2. For no-till field peas apply 34 g/ha Spinnaker® and
1 – 1.5 L/ha diuron PSPE. Spinnaker® will control
wireweed (particularly useful in heavy stubble
To achieve the best possible field pea crop in 2007
there are a number of big ticket items you must Do!
Sow your field peas to ensure a final seeding depth of
5 cm. Typically shallow sown crops are more likely to
suffer from herbicide damage, which can lead to
greater disease problems and lack of crop vigour.
When field pea is sown at the correct depth of 5cm (2
inches) you can be more assured of using robust rates
of Diuron, Spinnaker®, Metribuzin and or Trifluralin. It
is always better to err on the side of being too deep
than too shallow.
Separate the 2007 field peas from last years stubble.
Sow your field peas in their sowing window not the
convenience window. Go to the Plant Disease Fore-
cast 2007 section on the Department of Agriculture
and Food web site www.agric.wa.gov.au.
Inoculate field pea seed with Group E inoculum effec-
tively.
Apply post sowing pre-emergent herbicides onto a
level seed bed. Typically nowadays field peas are
sown with narrow points and press wheels, which
leaves a distinct furrow and ridge. It is recommended
that paddocks be levelled using a combination of har-
rows and rollers. This not only makes harvesting eas-
ier but also increases the effective sowing depth of the
field peas and prevents the post sowing pre-emergent
The Must Do’s and Don’ts for Field Peas in 2007
Ian Pritchard Pulse Extension Officer, Centre for Cropping Systems Northam, DAFWA
herbicides being washed into the furrow and damaging
the field peas.
Remember to consider frost susceptibility, SU carry
over from 2006 and, hopefully, water logging potential
when selecting your 2007 field pea area.
The field pea Do nots for 2007 are;
Sow next door to last years field pea stubble and or
early - Crop loss 10-70%.
Forget to inoculate or kill the inoculum - not only is
the yield of the field pea crop severely reduced but
also that of the rotation.
Sow the crop with knife points and press wheel and
spray either Diuron or metribuzin onto furrows - Crop
loss 30-50%.
Sow shallow – field peas are not like wheat, lupins and
canola - Crop loss 30-50%.
Leave the paddock with the sowing ridges untouched –
Harvest loss 20-40%.
To get the most out of field peas in 2007 it is important
to produce an even, clean and vigorous, well grown
crop.
A well-grown crop not only maximises yield, but also is
easier to harvest and provides greater break crop
value and nitrogen boost for following cereal crops
which all means, more dollars in the bank!
Field Pea Pre-emergent weed control
Mark Seymour, Senior Research Officer, Esperance, DAFWA
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Chickpea seed in 2007
Wayne Parker, DAFWA Geraldton
There are two new varieties of chickpea available for season 2007. They are Genesis 836 and Genesis 510. Both
varieties come from the national breeding program (Pulse Breeding Australia) based out of Horsham in Victoria
and have performed well under WA conditions (See table 1).
These two varieties have lower production risk than any of the previously recommended varieties. For effective
management of ascochyta blight, Genesis 836 has a two spray package recommended while Genesis 510 is a
one spray variety. Other agronomic attributes are summarised in Table 1 from data obtained during Crop Variety
Testing trials over the last three years.
Seed of both varieties is available although scarce. It is unlikely that large seed orders will be filled. Both can be
obtained from Coorow Seeds, (08) 9952 1088.
MR-MS moderately resistant moderately susceptible, MR moderately resistant, R resistant.
Flowering score 1-9, where 1 is very early and 9 is late.
Seed colour rating 1-9, where 1 is fair and 9 is almost black, varieties must have a score 6 or less for
release.
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Sonali Desi 55 1 6 15 100 MR-MS
Genesis 836 Desi 54 4 4 16 98 MR
Genesis 510 Desi 53 6 5 17 102 R
Genesis 090 Kabuli (Desi
x Kabuli
cross)
52 7 2 30 73 R
Recently 10 delegates of the Pulse Association of the
South East (PASE) left Australia to visit some key field
pea markets. The delegates led by Mark Seymour
(Senior Research Officer with Department of Agricul-
ture and Food Western Australia) first stopped off at
Malaysia to visit CBH Group’s Interflour flour mill in
Kuala Lumper and United Malayan’s Federal Oat and
pea splitting mill at Penang. Whilst in Malaysia PASE
delegates were informed that shorter cooking time is a
major reason Malaysia importers and roadside chefs
favour Dun peas over Canadian yellow peas (which we
call White peas). For some recipes Dun peas are 8
times quicker to cook, and Malaysia is a busy place –
so time is money.
From there the group travelled to New Delhi, the very
busy and very hectic capital city of India. The group
visited many dhal mills and met with a number of im-
porters and traders of agricultural products including
pulses. They found Northern India has had limited
experience with Dun peas, and appears to favour Ca-
nadian yellow peas. There appeared to have been
little attempt to educate the trade in northern India on
the utility of Dun peas for their end uses. Conse-
quently PASE have sent samples to one of the key
North Indian importers, to test the utility of Dun field
pea for their recipes.
In southern India it was a very different story, with all
sectors of the industry used to both Canadian Yellow
and Australian Dun peas. Intriguingly the delegates
found out that Kaspa peas are a favoured product in
Southern India and being bought at a premium to other
Dun peas. From meeting many traders and business
groups it appears this premium is not a one off, but is
set to be maintained for the foreseeable future and at a
level which makes segregation worthwhile. The impli-
cations of this finding are that growers, storage han-
dlers and acquirers of peas in WA should aim to segre-
gate Kaspa from other lines to capitalise on this pre-
mium. Additionally it seems wise for breeders to en-
sure new lines fit into the Kaspa market in terms of
flavour, seed shape, splitting percentage and even
perhaps even matching the outer physical appearance
of Kaspa as a round red seed.
The group also visited two of the ports in Southern In-
dia – Chennai and Tuticorin and were impressed by
the scale of the ports and the infrastructure on hand for
both bulk and container freight. Both ports have large
expansion programs planned as they keep up with a
very rapid growth in trade both into and out of India.
Pulse Association of the South East (PASE) delegates visit India
and Malaysia
Mark Seymour, DAFWA Esperance
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Herbicide tolerance of new Field Pea varieties
Harmohinder Dhammu, DAFWA Northam and Mark Seymour, DAFWA Esperance
A field pea herbicide tolerance trial funded by GRDC and conducted at Scaddan last year, has shown that sea-
sonal conditions can change the expected effect of herbicides on plant growth. The early part of the season at
Scaddan was good, but the area suffered a very dry late winter/spring. More than adequate moisture shortly/
immediately after crop seeding resulted in some damage from pre-emergent herbicides that was not seen in 2005
in a similar trial.
Four varieties were used in the trial: Kaspa, Bundi, Yarrum and 96-286*1. Higher than the registered or commonly
used rates of Lexone® alone or in mixtures with Brodal®/Sniper® were used to assess the crop safety margins of
the varieties. Lexone® (75% metribuzin) applied pre emergent (PSPE) to Kaspa at 380g/ha (maxi. registered
rate) reduced final yield by 20%, while showing no effect in the other three varieties. In contrast, applied post
emergent at the 3-4 node stage, Lexone® caused no yield reduction in Kaspa. This could be due to differential
uptake of pre-emergent metribuzin by the varieties under comparatively moist conditions.
Lexone® when used at lower rates as part of a mix, produced no damage at all. The crop safety margin at rates
around 200 g/ha is very good and weed control efficacy is enhanced when used in a mixture.”
Other key findings from the trial included
Leaf spotting and bleaching from the application of Brodal and Sniper to all varieties did not produce an
effect on the final yield.
Raptor® was tolerated very well by all four varieties with or without Diuron @ 2 l/ha pre emergent.
MCPA sodium was well tolerated. This confirms earlier work that it can be used safely for late radish con-
trol.
Atrazine was surprisingly well tolerated. Previous work with simazine (2 L/ha) has on occasions been very
damaging to peas. Regardless, neither atrazine nor simazine is recommended or registered in peas.
96-286*1 was the highest yielding variety. It performed well across the state in 2006. It is one of a number
of cross-bred lines showing potential for the future.
(*) indicates Diuron 2.0L/ha as basal treatment, Figures in bold are significantly different from untreated control.
Lex. = Lexone®; Diu. = Diuron, Spin. = Spinnaker®.
Table 1. Effect of herbicides on seed yield (% of untreated control) of field pea varieties.
Herbicide (rate/ha) Timing Bundi Kaspa 96-286*1 Yarrum
0 Untreated control >>>>>>>>>>> Kg/ha 1252 1333 1475 1336
1 Diuron 2 L (*) Immediately 92 105 100 108
2 Bladex® 2 L Post plant 93 91 106 100
3 Spinnaker® (70%) 70 g " 99 99 101 110
4 Atrazine (50%) 2 L " 110 114 112 102
5 Lexone® 380 g " 104 79 103 103
6 Lexone® 760 g " 85 72 90 94
7 Lexone® 285 g + Diuron 1.5 L " 126 119 91 103
8 Spinnaker® 53 g + Diuron 1.5 L " 99 106 100 110
9 Spinnaker® 53 g + Lexone® 285 g " 95 111 110 116
10 Spin. 35 g + Lex. 200 g + Diu. 1 L " 109 106 106 111
11 Raptor® 45 g + BS 1000 0.2 % 3-4 nodes 96 103 92 111
12 Lexone® 380 g " 109 109 102 114
13 Lexone® 760 g " 90 79 77 96
14 (* ) Raptor® 45 g + BS 1000 0.2 % " 111 102 119 114
15 (*) Brodal® 200 mL " 108 108 99 108
16 (*) Sniper® 50 g " 99 102 104 116
17 (*) Brodal® 100 mL + Lexone® 100 g " 108 115 94 109
18 (*) Brodal® 200 mL + Lexone® 200 g " 103 94 114 100
19 (*) Sniper® 33 g + Lexone® 100 g " 109 106 100 99
20 (*) Sniper® 50 g + Lexone® 200 g " 91 94 95 112
21 (*) MCPA Na 1 L 6-7 nodes 104 111 110 107
lsd (0.05) herbicides v/s control 16 13 12 13
lsd (0.05) herbicides v/s herbicides 20 16 15 16
CV% 15 12 11 11
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The Chief Executive Officer of the Department of Agriculture and State of Western Australia accept no
liability whatsoever by reason of negligence or otherwise arising from use or release of this information or
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Yes you can swath field pea 
By Mark Seymour, Department and Agriculture and Food  
 
 
Historically, swathing field peas has not been recommended due to the risk of the swaths blowing away in the 
wind.   
 
As there is no material anchored to the ground for the swaths to sit on and conventional trailing varieties like 
Dundale and Parafield do not lock into each other, there is the risk of the swaths being blown from the paddock.  
The risk is diminished if the crop is yielding well and has a high proportion of seed to dry matter.  Growers persist 
with swathing Parafield when the crop is yielding more than 1.5 tonnes per hectare. 
 
Semi-leafless field peas like Kaspa are much more suited to swathing as the plants lock onto each other and can 
create a very good swath.  Swaths of Kaspa are more stable than those of conventional trailing field peas and once 
the swaths are rolled, they are as stable as cereal swaths, even in strong winds. This changes swathing field pea 
from a risky enterprise into a practice well worth considering. 
 
Regardless of whether growers are swathing conventional trailing types or semi-leafless varieties like Kaspa it is 
still necessary to roll immediately after swathing. 
 
Swathing should begin once the crop has an average seed moisture content of 45 per cent.  Moisture meters will not 
measure this high, so an easier guide will be the proportion of brown pods.  Swathing of field peas begins when the 
crop has 50 per cent brown pods.  Note this is 50% brown pods and not 50% of your whole crop canopy looking 
brown.  It is important not to start too early otherwise yield can be lost as the seeds have not filled properly, to their 
maximum size, and there is the risk of a high proportion of green seed in the sample which can lead to rejections 
and dockages at delivery. 
 
Many farmers have commented the grain harvested following swathing is of superior standard to other 
methods of harvest, with an evenness of colour and low sand content. 
 
 
Further guidelines on swathing field pea are available in the recent releases Farmnote 109 ‘Swathing Semi-leafless 
Field Pea’ and the DVD ‘Swathing and harvesting Semi-leafless Field Pea’. 
 
Or contact Mark Seymour at Esperance on 9083 1143 or Ian Pritchard at Northam on 9690 2158.  
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ADVERTISEMENT
More than 700 WA gowers have 
purchased and bulked-up field 
pea seed in recent years.  This 
season they are ready to sow 
entire 100-200 hectare paddocks 
to field peas, expanding the 
State’s field pea production area 
to more than 100,000 hectares for 
the first time. 
These growers are set to benefit 
from widespread good summer 
rainfall which has significantly 
reduced the threat of blackspot 
in 2006 crops. The unseasonal 
moisture led to an early release 
of blackspot spores which should 
have dispersed before sowing 
begins.  Blackspot levels in 
crops are, therefore, likely to be 
low and can be best managed 
according to the Department’s 
rotation, isolation and time of 
sowing guidelines.  Over the 
coming weeks the Department 
will advise growers on the best 
time to sow field pea this season 
at key locations.
To make the most of field peas 
in this and future years it is 
important to plan where and when 
field pea paddocks will be sown. 
The key to managing blackspot 
is sowing this year’s crop more 
than 500 metres upwind of last 
year’s stubble.  For many parts of 
WA this is best done by starting 
field pea rotations in the south-
east corner of farms and working 
towards the north-west.  Farmers 
in the Scaddan area have worked 
together over the past three years 
to successfully block plant field 
pea paddocks this way, proving it 
can be done even when field peas 
only account for 15-25 per cent of 
the total crop area.  
The market outlook for field peas 
is also positive with a firming of 
prices for the current crop and 
predictions for increased demand 
for both field peas and chickpeas 
from India and Pakistan. 
For further information contact 
Mark Seymour on 9083 1143 
Researcher Mark Seymour monitoring field pea crops at Mullewa
Field pea planning pays off
by Department of Agriculture and Food researcher Mark Seymour 






Basics vital for field pea growth  
GROWING field peas is like any other crop — if you get the basics right at sowing the crop 
generally looks after itself.  
   That’s the advice of Department of Agriculture and Food development officer Ian 
Pritchard.  
   But he cautions new growers that if they get the basics wrong at sowing they can play 
catch-up for weed control and disease management for the remainder of the season.  
   “With this in mind, field peas should be sown to ensure a final seeding depth of 5cm,” he 
said.  
   “Shallow sowing results in poor crop growth and herbicide damage from pre-emergent 
herbicides.  
   “This leads to increased blackspot disease which further inhibits crop growth.”  
   Mr Pritchard said crop losses as high as 30-50 per cent could also result when field peas 
were sown with knife points and press wheels, and then sprayed with either Diuron or 
metribuzin onto the furrows and ridges.  
The ridges formed by knife pionts and press wheels had the effect of funnelling the 
fungicides onto peas at bottom of furrow.  
He said post-sowing pre-emergent herbicides onto a level seedbed was recommended.  
Levelling the seed-bed before spraying also helped harvest.  
“Field peas must also be planted in their sowing window, not just when the machinery is 
passing the paddock,” Mr Pritchard said.  
“Field peas are generally sown at the end of the sowing program. This achieves two vital 
functions — disease management and weed control.  
“Sowing windows will be provided in following weeks on the departm e n t ’ s w e b s i t e 
www.agric.wa.gov.au.  
   “As a general rule, sowing field peas at the end of the sowing program allows the control 
of at least one or two weed germinations before sowing and a germination at sowing or soon 
after using soil-applied herbicides at sowing.  
   “Any weeds early in the crop’s life can be controlled with a post-emergent herbicide.  
   “Sowing field peas early allows too many weeds to escape the weed control options 
through staggered germinations, leading to lower yields and higher weed seed banks.”  
   Mr Pritchard said as a final rule, field pea seed needed to be inoculated effectively. Failing 
to inoculate or killing the inoculum would not only significantly reduce the yield of the field 
pea crop, but also potential wheat yields for following years.  
  
Researcher Mark Seymour checks seeding depth.  
Page 1 of 1Basics vital for field pea growth
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ADVERTISEMENT
Paddock separation of more than 500m from last year’s field pea stubble, crop rotation 
of at least three years between crops and correct sowing time are the keys to managing 
blackspot in field peas.  
Summer and autumn conditions determine when blackspot spores are released.  Field 
pea crops should be sown so the majority of blackspot spores are released before the 
crop emerges.  
The ‘Blackspot Manager’ forecasts blackspot spore production from infected field 
pea stubble at key locations throughout WA.  Using this information and previous 
agronomic experience, the Department will regularly update a time of sowing guide 
for field pea growers (see www.agric.wa.gov.au) 
Field Pea Sowing Guide
District, rainfall (mm) 










Boyup Brook 80mm (26), Kojonup 95mm 
(21), Mt Barker 104mm (50)
✘ ✔ ✔ ✔
Dowerin 278mm (22), Kondinin 240mm 
(18), Lake King 237mm (47), Merredin 
176mm (26), Moora 221mm (24), 
Newdegate 262mm (30), Pingrup 167mm 
(30), Scaddan 221mm (52)
✔ ✔ ✔ ✔
Mingenew 122mm (15) XXX ??? ✔ ✔
Northam 189mm (16) ??? ✔ ✔ ✔
Mullewa 86mm (23) ??? ✔ ✔ XX
✔  sow -  while observing separation and rotation – do not sow dry
X don’t sow - field pea not suited agronomically
XX don’t sow - high yield loss for late sowing
XXX don’t sow - blackspot risk too high 
??? sowing opportunity unclear as conditions remain dry
*Rainfall (January to 7 May) of nearest weather station.  Where individual rainfall is 
less than indicated, the probability of severe blackspot may be higher.
Further details available from Dr Moin Salam and Ian Pritchard at the Northam office 
on 9690 2000.
When to sow field peas in 2006 
- never dry sow field peas
from the Department of Agriculture and Food
Phone: 9216 2014     Fax: 9216 2012 
Email: advertising2@marketforce.com.au
Your Co-ordinator is: Kate Herzberger 
File name: AGDPA000006x120 Setter: Brady Version: 1 Day Set: 18/05/2006
 Publication  Size Position Publication Date 




Read by:____________________________  Date:__________________________
mfp has prepared the above proof for your approval based on your instructions. Accuracy, content, media, 
position, appearance dates and fi nal approval for media publication of this ad is the client’s responsibility. 
Please check all details carefully.
ADVERTISEMENT
Paddock separation of more than 500m from last year’s field pea stubble, crop rotation 
of at least three years between crops in a paddock, and correct sowing time are the keys 
to managing blackspot in field pea.
Summer and autumn conditions determine when blackspot spores are released.  Field 
pea crops should be sown so the majority of blackspot spores are released before the 
crop emerges.
The ‘Blackspot Manager’ forecasts blackspot spore production from infected field 
pea stubble at key locations throughout WA.  Using this information and previous 
agronomic experience, the Department will regularly update a time of sowing guide 
for field pea growers (see www.agric.wa.gov.au)
Field Pea Sowing Guide - Never Dry Sow Field Pea
District, rainfall(mm) 
& number of rain days.*
Week starting
22 May 29 May 5 June 12 June
Boyup Brook 86 mm (30), Kojonup 
99 mm (25), 
Mt Barker 106 mm (54)
X ✓ ✓ ✓
Dowerin 278mm (22), Kondinin 243 
mm (21), Lake King 237 mm (48), 
Merredin 187 mm (28), Moora 221 
mm (26), Newdegate 273 mm (33), 
Pingrup 170 mm (35), Scaddan 213 
mm (54)
✓ ✓ ✓ ✓
Mingenew 122 mm (15) XXX XXX ??? ✓
Northam 189 mm (16) XXX ??? ✓ ✓
Mullewa 86 mm (23) XXX ??? ✓ XX
✓ sow - while observing separation and rotation – do not sow dry
X don’t sow - Field pea not suited agronomically
XX don’t sow – High yield loss for late sowing
XXX don’t sow - Blackspot risk too high 
??? sowing opportunity unclear as conditions remain dry
Rainfall (January to 16 May) of nearest weather station.  Where individual rainfall is 
less than indicated, the probability of severe blackspot may be higher.
Further details available from Dr Moin Salam and Ian Pritchard at the Northam office 
on 9690 2000.
Lack of May rainfall in a few 
areas reduces sowing window 
for Field Peas in 2006
from the Department of Agriculture and Food
           
 




 August at the Katanning DAFWA Conference Room 8-30 am – 5 pm 
 
In 2006 there are more field pea growers in the Great Southern than ever before.  Here is an opportunity 
for Great Southern farmers to hear from and question experienced farmers and agronomists on all aspects 
of field pea agronomy and marketing. 
 
Keynote presentations will include:   
 
• GSPGA farmers talking about how they grow and harvest field pea. 
• A grower representative from the Pulse Association of the South East (PASE) about growing and 
marketing field pea 
• Swathing and harvesting – a visual guide 
• Agronomic tips which can make a difference in 2006 
 
Please RSVP to the Katanning DAFWA office prior to the day on 9821 3333 for catering purposes or 









Travel report of the 
 
The Pulse Association of the South East (PASE) Inc. tour of 
 
India and Malaysia 
 
February 27th to March 11th 2007 
 
 











Photo 1 The PASE delegation meet the Tuticorin Port Trust staff.  From rear left 
Carys Ferrier (Farmer, Lake King), Mary Wandel (Farmer, Scaddan), Kentyn Wehr 
(Farmer and PASE committee, Scaddan), Ron Longbottom (Farmer and PASE 
President, Grass Patch), Neil Wandel (Farmer and Deputy Chairman CBH Group, 
Scaddan), Port employee.  From front left Mr Rajan (WA Trade Office, Chennai), Jim 
Ferrier (Farmer and PASE marketing committee, Lake King), Jill Wehr (Farmer, 
Scaddan), Maxine Woodhouse (retired farmer, Cascade), Jack Woodhouse (retired 
farmer and port surveillance officer, Cascade), Port PR Manager, Port General 
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1. Kaspa peas are a favoured product in Southern India and being bought at 
a premium to Dun peas.   
a. Growers should aim to segregate Kaspa from other lines to 
capitalise on this difference. 
b. Breeders should ensure new lines fit into the Kaspa market in terms 
of flavour and seed shape (round with improved splitting %) 
2. India ports are expanding rapidly and the whole country is gearing up for 
expansion – indicating huge growth rates in years to come 
a. Increased demand for all grain as demand exceeds supply as the 
population expands rapidly 
b. Relaxation of bans on imports of wheat likely, which offers good 
opportunities for Australia. 
c. Ports are expanding and improving infrastructure for both bulk and 
container freight 
3. Northern India (Delhi) has scant experience with Dun peas, and appears 
to favour Canadian yellow peas.  There appears to have been little 
attempt to educate the trade in northern India on the utility of Dun peas 
for their end uses. 
a. PASE have sent samples to one of the key North Indian importers, 
who were involved in promoting Canadian Peas for the Canadian 
Govt, to test the utility of Dun field pea for their recipes. 
4. Shorter cooking time is a major reason Malaysia importers and roadside 
chefs favour Dun peas over yellow peas.  It is important to consider 
cooking time of any new lines released for this market. 
5.  Indian Import restrictions do increase the cost of doing business into 
India 
a. The Canadian Govt have an agreement with India Govt so they can 
export grain from Canada without treating the grain with Methyl 
Bromide treatment, provided it is treated once arriving in India. 
i. Why is it only Canada that has this exemption? 
b. Field pea imported into India is being looked upon as both “Seed 
for sowing” and as “Seeds for consumption or processing”.  Only 
seed for sowing has a requirement to be “Free from soil”.  India 
does not grow any Dun peas and farmers get their seed supply of 
Green and White field pea via Indian Government bodies.   
i. Discussions about this seemingly illogical classification of 
imported Dun peas as “Seeds for sowing” need to be 
undertaken at a high Government level. 
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6. The switch in chickpea production for Northern (highly productive but high 
disease risk) to Central India (low production per unit area but very low 
disease risk) is likely to result in more stable production 
a. Fluctuations in price for chickpea may then become linked to 
production and supply from other countries such as Pakistan, 





February 27th to March 11th (13 days) 
 
No Date Location Activity 
1 Tuesday, 27 February 2007 
Perth to Kuala Lumpur 
(KL) 
Travel day 
2 Wednesday, 28 February 2007 KL to CBH to KL 
Visit CBH flour mill, dinner with 
staff 
3 Thursday, 1 March 2007 KL to Penang   
4 Friday, 2 March 2007 
Penang to Butterworth to 
Penang 
Visit pea splitting plant (AM), 
afternoon off 
5 Saturday, 3 March 2007 
Penang to KL 
KL to New Delhi  
Travel day 
6 Sunday, 4 March 2007 ND to Agra Taj Mahal 
7 Monday, 5 March 2007 Agra to ND 
Travel (AM) (PM) Govt, traders, 
splitting plants, markets 
8 Tuesday, 6 March 2007 New Delhi (farms) Farm tour 
9 Wednesday, 7 March 2007 ND to Chennai 
Meetings or tourism (AM),  
Travel (PM) 
10 Thursday, 8 March 2007 Chennai Markets, traders, splitters 
11 Friday, 9 March 2007 Chennai Port tour 
12 Saturday, 10 March 2007 Chennai to Tuticorin Travel (AM), Port tour (PM) 
13 Sunday, 11 March 2007 Tuticorin to Chennai  Travel 
14 
Monday, 12 March 2007 
Chennai to Hyderabad ICRISAT 
15 
Tuesday, 13 March 2007 
Hyderabad to Chennai to 




Monday, 26th February, Perth 
 
The group met with Ashish Puri (Manager Market Development - Middle East and India, Market 
Development Branch.  International Market Development Division Department Of Industry And 
Resources) at 1 Adelaide Terrace, East Perth for a briefing session on India. 
 
Ashish provided a background on Indian culture, procedures and trade, which the group found 
very useful. 
 
Tuesday, 27 February 2007, Perth to Kuala Lumpur 
 
 
Late night arrival, where we met up with another contingent of Esperance farmers from SEPWA, 




Figure 1 Composite map Of Malaysia 
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Wednesday, 28 February 2007, Kula Lumper - Interflour 
 
At breakfast we met Verghese Jacob (Regional Director, Western Australian Trade Office) who 
travelled with both SEPWA and PASE by coach for the rest of the day.  Verghese was able to 
provide a background to Malaysian business and trade throughout the day, which was very 
useful. 
 
Agriculturally Malaysia produces a lot of Oil palm, rubber and Cocoa.  The area sown to rice has 
decreased as palm area has expanded. 
 
There are 28 million people in Malaysia.  50% are Malay (Muslim), 25% Chinese and 25% 
Indians. 
 
Malaysia is a large manufacturing country – particularly IT (microprocessors, computers – e.g. 
Dell) but also DVD’s, videos etc.  Some of the manufacturing is being lost to China as labour 
costs increase in Malaysia. 
 
Investment in Malaysia is usually linked to Government companies, but there are good tax 
allowances and support for new industries. 
 
We travelled by coach to Port Klang which is about 1 hour drive from Kuala Lumpur.  We visited 
the Prestasi Flour Mill (M) Sdn Bhd, which is a 70% subsidiary of the Interflour Group which 
operates flour mills in the Asia Pacific, and aims to increase its share in the local wheat flour 
market through new products and advertising and promotion.  Interflour is 50% owned by the 
WA CBH Group, and two directors of CBH – Neil Wandel and Mick McGuiness were present on the 
tour. 
 
CBH Interflour is now making $10 million profit, quite a turnaround from an $8 million loss when 
CBH took it over.  Interflour has mills throughout SE Asia including Vietnam, Malaysia and 
Indonesia. 
 
Malaysia imports 1.2 million tonnes of wheat per year.  75% of wheat used is of Australian origin, 
the rest is US and Canadian wheat suitable for different applications.  The Malaysian Government 
has price controls over basic food products such as a ‘General Purpose Flour’.  The Govt controls 
prices and any increases have to be approved by the Govt.  Prestasi and other mills differentiate 
products from the general Purpose Flour to allow for greater margins. 
 
In Malaysia consumption of flour is 32 kg/head/year, Singapore 40 and Vietnam only 14 
kg/head/year.  Australia is over 100 kg/head/year.  Mr Lee indicated Asia will not match Australia 
and the US for consumption as bread consumption will remain relatively low, but it will increase 
as more fast food (burger rolls) and cakes are consumed. 
 
At Prestasi we met with Alex Lee (General Manager), Ricky Tan (Marketing Manager), Chin Fin 
(Financial Controller), Steve (Production Manager) and the quality manager.  Mr Lee gave us a 
very extensive background on the mill, after which Steve took us around the plant. 
 
Prestasi was opened in 1999 with an investment of $14 million US.  It owns 7 acres of land at 
Port Klang, and has built on 4.5 acres.  There are plants to expand very shortly.  It is fitted with 
Buhler machinery which is made in Switzerland – the plant was very clean and well organised to 
our eyes.  The mill uses 500 tonnes of wheat per day producing 1,000 tonnes of flour per month.  
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It can store 34,000 tonnes of wheat on site, but being near the port it has more grain readily 
available nearby via conveyor belts (1,000 t/hour) which is separately owned and operated by 
KMT.  The port is 14m deep but it cannot handle ships of 80,000 tonne capacity.  Prestasi have 9 
silos ranging from 1,300 to 5,700 tonne capacity.  60% of the supply is in bulk form. 
 
The mill uses the Milltech computer system to control the production process.  The mill has a 
75% extraction rate and they use ASW to APH Australian wheat.  To get good efficiency it is 
necessary to temper the wheat so it is 14.5-15%% moisture – which produces @13% moisture 
flour.  This is done by spraying @1500L in 23 tonnes of wheat.  For soft wheat the tempering 
equilibrium is reached in @ 15 hours and hard wheat in 26 hours. 
 
For bread making flour they want to achieve 12.6-13.5% protein in the flour.  WA wheat usually 
struggles to achieve this. And they mentioned several times gluten quantity is low in WA wheat – 
hence they need to blend stronger wheat flour into WA wheat flour.  The staff at Prestasi 
mentioned China actually buy on Gluten % and not protein %. 
 
Another comment was that they do not always get a sample of the grain they are to receive pre 




Photo 2 Port Klang, Malaysia 
 
 
Photo 3 Separation of flour into its components at Prestasi Flour Mill, Malaysia 
 
 




Photo 5 Seed cleaning units at Prestasi Flour Mill, Malaysia 
 
 
Interflour Research and Development Centre 
 
We travelled back to Kuala Lumpur to visit the Interflour Flour quality laboratory run by Dr Nas.  
This was a well set up facility for testing new flour products and additives using small scale 
commercial machinery and techniques. 
 
The universities in Malaysia are expanding rapidly and the government is being very supportive of 
research with substantial tax advantages and money up front to get start up companies 
happening.  The feel at the university was very different to the Australian experience where it is 
all about cutbacks in research and job losses. 
 
Dr Nas provided a very entertaining overview of the activities at the centre, including a 
commercial in confidence product which is likely to get good market share in the bread making 
industry. 
 





Photo 6 Dr Nas (Interflour UMIT) showing some of the finished baking products 
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Photo 7 Dough rollers for noodle production (Interflour UMIT) 
 
 




Photo 9 Instant noodle immediately before frying (Interflour UMIT) 
 
 






Thursday, 1 March 2007, KL to Penang 
 
Was a travel day to Penang. 
 
Friday, 2 March 2007, Federal Oat Mill/Pea Splitting 
 
Today we travelled by minibus to Butterworth over the very impressive bridge between Penang 
island and mainland Malaysia to visit the Federal Oat Mills owned by United Malayan Flour Mills.  
This is not to be confused with the Federal Flour Mill who is the main competitor with the 
Interflour group for flour production in Malaysia and many other SE Asian countries.  
 
We met with Mr Chuah who is the Administration Manager for the mill who outlined the 
operations and Ms Tan who is the office organiser and buyer/logistics specialist. 
 
The owners of United Malayan live in Singapore and the basis of their business was running a 
successful biscuit factory.  Their contact with WA has mostly been through the Grain Pool of WA.  
The Grain Pool has supplied oats to the Federal Oats Mill since the 1970’s and currently provide 
100% of their requirements.  In the early days Federal were contract millers for Quaker oats 
which enabled them to get a good setup to produce a good class of rolled oats, but in 1990 
Quaker stopped the contract as Quaker moved operations to China and Federal Oat Mills could 
not match the quantity required.  So Federal Oat Mills were forced to produce their own range of 
products – the peak of which is the tinned Captain Oats they ship to Arab countries (UAE/Yemen) 
which is a very fresh tasting and sweet smelling product – makes you wonder about the quality 
of product we get in Australia.  It is also popular in Hong Kong.  They also produce lower quality 
products packaged in plastic bags.   
 
In the 1980’s Rory Coffey from the Grain Pool suggested Federal Oats Mill build a field pea 
splitting plant to provide split peas to the growing Indian population in Malaysia.  Since then 
Federal get 50% of their peas from WA and 50% from South Australia.  Their total requirement 
for a year is 18,000 tonnes.  PASE has been supplying peas for over 10 years to this market – 
usually 5-7,000 tonnes.  The cargoes are usually combination cargoes with wheat or oats.  But in 
2006 there is not enough wheat in Australia to supply Federal, so there are no combo cargoes 
and the cost of freight has risen.  For example in 2000 bulk freight from Australia to Malaysia was 
US$20/t and in 2007 US$60/t whilst containers in 2007 are US$/30t. 
 
In Malaysia the Indians population tend to come from southern India and they use the split peas 
primarily for the breakfast food Roti Chana which is a mild curry using field peas as the protein 
source (chana) and a flat unleavened bread (roti) to scoop up the curry.  It is sold on roadside 
stalls and the owners of the stalls prefer dun peas as they cook up to eight times quicker than 
white/yellow peas (15 mins vs. 2 hours).  On the roadside it costs about AUD$0.40 per serving, 
and is a good way to start the day as the pea is a slow release energy source. 
 
Federal Oat Mill sells the split pea as the Parrot brand in 10 kg bags to 5-6 distributors 
throughout Malaysia who distribute to the small market outlets.  They do not sell outside of 
Malaysia, for example Singaporean Indians will not buy them as they consider field pea a cheap 
food for poor people. 
 
The pea splitting plant was quite antiquated but they had made modifications to produce a 
splitting yield over 80%.  They also add water to raise the moisture content of the peas to 12% 




Photo 11 Federal Oat Mill, Penang 
 
Photo 12 Roller to produce rolled oats, Federal Oat Mill, Penang 
 17 
 
Photo 13 Cooling rooms for rolled oats prior to packing, Federal Oat Mill, Penang 
 
 
Photo 14 Canning of Captain Oats, Federal Oat Mill, Penang 
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Photo 15 Dumping South Australian field pea from bulk truck which is then 
transported into pea splitting plant at the Federal Oat Mill, Penang 
 
 
Photo 16 Inside field pea splitting plant at the Federal Oat Mill, Penang 
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Photo 17 Final product of the field pea splitting plant at the Federal Oat Mill, 
Penang 
 
Photo 18 Final oat product of the Federal Oat Mill, Penang 
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Saturday, 3 March 2007, Malaysia to New Delhi 
Was a travel day from Penang to Kuala Lumpur to New Delhi. 
Sunday, 4 March 2007, Agra 
Day off to travel to Agra by train and see the Taj Mahal and Red Fort. 
 
 
Figure 2  Route of trip in India 
 21 
Monday, 5 March 2007, New Delhi – MMTC and dhal mill 
We returned to New Delhi by coach and met with Mr Rajan (Senior Trade Advisor with the 
Western Australian Trade Office – India) based in Chennai who had been our main point of 
contact for organising the tour and graciously agreed to travel with the group throughout India. 
 
Our first visit was with MMTC which is a Government of India enterprise which import 
approximately USD$4 billion per annum worth of products into India – including mining and 
agricultural products as well as developing export opportunities for Indian products.  We were 
very fortunate to meet with the Chairman and Managing Director, Sanjiv Batra, and many of the 
senior staff.  Mark Seymour presented a PowerPoint presentation of who PASE is, where they 
come from and how we produce and sell our grain. 
 
Mr Batra then outlined the situation in India.  How they were deficient in pulses due to population 
growth and imported 2 million tonnes of pulses last year, including 100,000 tonnes of dun peas.  
The grain they import is sold at low prices to ensure the poor people of India are able to afford 
staple foods. 
 
We discussed quarantine issues we have in getting grain into India – particularly ‘free from soil’ 
which is impossible for field pea.  Discussion was made regarding all imported peas being viewed 
as potential seed rather than as for consumption or processing, and hence having to reach higher 
quality standards.  MMTC thought it would be possible to clean in India more cheaply if some 
partnered infrastructure which met Indian quarantine standards could be built.  We all agreed it 
was an issue to be resolved at the government level. 
 
India produces about 74 million tonnes of wheat, which is usually enough, although there is likely 
to be more imports of wheat over coming years. 
 
In the evening we visited the Singhal Dal Mill to inspect their splitting operation.  The Singhal 
group run 4 mills in India and we visited their Mung Bean Mill.  Mung bean is the premium pulse 
in India and it is easy to see why after the grain is sampled, it has an excellent flavour.  Mung 
bean is also reported to be good for the digestion.  It is valued at US$650-720/t.  The plant 
works 24 hours per day and splits 40 t/hour.  There are over 200 mills in the Delhi region.  Grain 
is usually transported to Delhi from Mumbai at a cost of US$50/t. 
 
 
Photo 19 Loading Mung beans into the elevators at Singhal Mill, New Delhi. 
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Tuesday, 6 March 2007, Farm Tour - Karnal 
 
Dr Rao from the International Crops Research Institute for the Semi-arid Tropics (ICRISAT) 
joined our group to lead us up to Karnal (150 km, 3-4 hours north west of Delhi). 
 
There we met several research scientists who showed us the sugar cane, chickpea, wheat, rice 
production system at the Haryana Research Station.  The north of India used to be big chickpea 
producing area, but as irrigation has become more available farmers have switched to a rice(wet 
season)/wheat(dry season) rotation which is far more productive than a system with chickpea in 
it.  The soils are young, quite deep (2m) and naturally fertile but the rice/wheat rotation is very 
productive (12 t grain /year) and hungry.  Consequently nitrogen inputs have risen to 150 kgN/ha 
for wheat and nutrients have been depleted (P, K levels falling and organic carbon at 0.2%).  
 
Wheat yields are often 4 t/ha, and the crops we saw we approaching that and quite clean from 
disease, as expected when grown with little or no rainfall.  Chickpea crops were expected to yield 
over 2 t/ha, and at the time were healthy, lush, and free from disease but just flowering.   
 
We visited some of the larger growers in the district – who own @ 150 ha of land.  One farmer 
was very keen on no-till cropping, and showed us his equipment and photos of other overseas 
visitors, including other Australians. 
 
We only saw one field pea crop, which was a green pea crop which normally would have been 
hand harvested as fresh green peas.  However, in mid February the area had received 200mm of 
rainfall in 48 hours – which will be of benefit for pastures, cereals and chickpea but effectively 




Photo 20 Haryana research station at Karnal – 150 km north of Delhi. 
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Photo 21 Wheat and Chickpea at Haryana research station, Karnal. 
 
 
Photo 22 200mm of rain in mid February at full pod set has ruined this field pea 




Photo 23 200mm of rain in mid February at full pod set has ruined this field pea 
crop, which was destined for the green seed market, Karnal 
 
 




Photo 25 Entrance to Central Soil Salinity Research Institute, Karnal 
 
 




Photo 27 Chickpea at Central Soil Salinity Research Institute, Karnal 
 
 











Wednesday, 7 March 2007, New Delhi – Meetings with 
traders and IARI campus 
 
We met with a number of importers, indenting agents, and traders at our hotel.  Most did not 
recognise Kaspa peas and had minimal experience with dun peas.  We had only 2 small samples 
of field pea to show them, one was Dundale and the second Kaspa.  All traders requested 2-5 kg 
samples - which PASE is organising. 
 
First up was Mr Gopinmath Das, Cando Limited who is an indenting agent working with Victor 
Chen in Sydney.  Mr Das had an immediate interest in 50,000 tonnes of peas. 
 
Mr Neeraj Dhawan (Mega Group) who has connections with Queensland companies JK 
International, Freedom Exports and Golden Harvest.  Mr Dhawan expressed interest in 15,000 t 
for Tuticorin and 10,000 t for Calcutta. 
 
Mr Pankaj Kakkar (Toepfer).  PASE has sold to Toepfer before so this was more of an information 
session than previous meetings.  It appears Calcutta would also be worthwhile visiting as they 
receive both white and dun peas.  He indicated Indian farmers receive about US$315/t CNF 
whilst importers are paying US$340/t CNF for Canadian yellows. 
 
Ram and Adarsh Gupta.  Mr Gupta Senior (Ram) used to work for Austrade and Canadian Pulse 
growers.  Both of them were very keen to try dun peas in local mills and recipes. 
 
We then checked out of our hotel and visited the Indian Agricultural Research Institute (IARI) on 
route to the domestic airport.  There we met the chickpea and field pea breeder.  Of interest was 
the extremely large Desi line produced.  The field pea material was quite varied from semi-dwarf 
semi-leafless (e.g. Magnet types) to tall trailing lines.  It appears ascochyta is not a problem for 
either chickpea or field pea.  The main disease of field pea was powdery mildew but then at 
moderate levels only. 
 
India grows 24 million ha of pulses and produces 14 million tonnes. 30% of the area is to 
chickpea, lentil 1.5 million ha at 700 kg/ha and field pea (white and green) 1 million ha at 0.9 
t/ha, the remainder is sown to summer pulses (Mung bean, pigeon pea). 
 
Field pea is principally grown in the areas North and East of Delhi in places where irrigation is 
less available.  The breeder showed us a few new lines – Pragati a green wrinkled pea which 
produces 6 t/ha of green seed; Mukta a large white pea; Panna a small blue pea; Alankar a large 




Photo 30 Dr Yadav (IARI) showing some recent chickpea lines at Pusa, New 
Delhi. 
 











Photo 32  IARI seed samples from top left 
down  - DG5x -large desi, DG5065 – large 
kabuli, Pragati – green pea, Multa – white 
pea, Panna – small blue, Alankar – large 





Thursday, 8 March 2007, Chennai – Traders, Port tour 
 
We flew down to Chennai (Madras) and finally found people who knew dun peas and even better 
found ones who really liked the red dun variety Kaspa. 
 
We met Nishith Tiwari of SPN Associates who imports and indents grain into India, who instantly 
recognised Kaspa peas and commented favourably on them.  He indicated the following 
wholesale prices for field pea 
 
• Dun 14 R/kg = AUD$400/t 
• Kaspa 17 R/kg = AUD$486/t 
• Canadian yellow peas 14 R/kg = AUD$400/t 
 
He mentioned Kaspa is used both split and whole in the south of India and is often fried/roasted 
as a snack.  Most of the time the whole seed is dehulled prior to cooking, but sometimes the skin 
is left on.   
 
Kaspa is substituted for chickpea for this use – particularly in recent times as chickpea prices 
have been high.  However, he mentioned some people actually prefer the flavour of Kaspa to 
chickpea.  Time will tell if the price of Kaspa will track chickpeas as is currently being seen once 
the Indian and other sub-continent chickpeas hit the market, but Nishith considered Kaspa will 
likely be valued higher than other Dun field peas by about 15%. 
 
 
Photo 33 Mr Rajan (WA Trade office) and Mr Nishith Tiwari (SPN Associates) at 




Photo 34 From left - Roasted whole split chickpea, roasted split chickpea and 













Photo 37 Loading bags of grain, Chennai 
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Photo 38 Container terminal at Chennai 
 
 




Photo 40 Loading bags onto truck in grain warehouse, Chennai 
 
 
Photo 41 Wagons ready to be loaded with bags of grain at the port of Chennai 
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In the afternoon we visited the Chennai Port and inspected their bulk and container loading, 
unloading and storage facilities.  Both Chennai and Tuticorin currently import field pea from 
Australia and Canada in both bulk and containers  
 
We met the Chairman of the port, Shri. K. Suresh and his senior management.  Mr Suresh 
outlined the history of the port and current developments and capability to our group.  Mark 
Seymour reciprocated with a brief outline of PASE and the Esperance port zone.  The chairman 
was interested in the Esperance port iron ore storage and loading facilities, as they face similar 
community concerns about the products they ship out of Chennai. 
 
Vital statistics for the Chennai port are available on-line from www.chennaiport.com.  Suffice to 
say the port is very busy given the boom in trade into and out of India over recent years and the 
port is growing rapidly.  The port handles coal, granite, iron ore, cars, oil, and passenger ships.  
The container terminal is owned and operated by the Dubai Port, who recently purchased it from 
P+O. 
 
Bulk grain shipments can be unloaded at the berths although the available draft of 11m at the 
berth means some grain has to be unloaded out at sea onto barges or tender ships to lighten the 
load.  They take around 6 days to unload 40,000 t of grain.  From the berth, grain is normally 
bulk loaded onto trucks which move the grain into holding sheds where it is usually bagged by 
hand before loading into containers, open trucks or rail wagons for distribution throughout 
southern India.  They are considering updating their infrastructure for grain as they expect more 




Friday, 9 March 2007, Chennai – Traders, and Wholesale 
markets 
 
We met the Goyal brothers Vivek and Ajay who confirmed what we had heard from Nishith the 
previous day.  The Goyal’s then took us to the dhal mill and market area of Chennai, where we 
met many traders in their shops (see contact pages) who were very keen to access grain from 




Photo 42 Wholesale grain shop, Chennai 
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Saturday, 10 March 2007, Tuticorin – dhal mills, port tour 
and Chamber of Commerce reception 
 
The group had a very early start to catch the plane to Madurai where we were met by Mr Ravi 
who comes from an important trading family (Rajaram Agencies) who then led us down to 
Tuticorin via a few pulse mills and warehouses. 
 
These were some of the more modern splitting plants we saw in India, with machinery built 
locally by Mr Manavalan.  We also met with Mr D.R. Sharma who works closely with Australian 
trader J.K (Qld) who has built very large warehouses at Tuticorin suitable for storing in excess of 




Photo 43 N. Dhanasekaran (Chairman, Rajaram Group of Companies) overseeing 
the construction of a new splitting factory near Tuticorin.  All machines 
are built locally and the factory should take 2 months to construct. 
 
 
We then visited the Tuticorin bulk and container port.  The Tuticorin port exports a wide range of 
product – petroleum oil products, fertilisers, palm oil, gas, coal, timber, various mining products, 
nuts and pulses; and export salt, sand, wheat, rice, sugar, cement and granite from 13 berths.  
The port has seen very rapid expansion in the last 10 years and has plans to dramatically expand 
its number of berths, loading facilities including another container terminal (which is run by the 
Singaporean Port group – PSA SICAL) and indeed the construction of another harbour further out 
to sea to handle bigger ships. 
 
The scale of the port and quite modern facilities at both Tuticorin and Chennai exceeded our 
expectations.  Turnaround rates for containers were world-class – offloading @27 units per hour 




Photo 44 Inside a splitting plant near Tuticorin 
 
Photo 45 Dun peas being split, Tuticorin 
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Photo 46 Drying pigeon pea (left) and black gram (Mung bean, right), Tuticorin 
 
 
Photo 47 Lots of bags of Australian dun peas, Tuticorin 
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Photo 48 Australian dun peas exported by J.K International (Qld), Tuticorin 
 




Photo 50 One of the berths at Tuticorin port 
 




Photo 52 Inspecting pulses at a retail shop, Tuticorin 
 
In the evening we were invited to the Tuticorin Chamber of Commerce for a reception.  This was 
for us a rather lavish experience with speeches by Natarajan Karunakaran (NK) – the leading 
importer of pulses (Rajaram Agencies) in the region and organiser of the Tuticorin section of our 
tour, S.R. Ramakrishnan (managing Director, PSA-SISCAL), the President of the Chamber of 
Commerce, the President of the local pulse importers association, Mark Seymour and Neil 
Wandel.  This also provided another opportunity to meet most of the importers of grain into 




Sunday, 11 March 2007, Tuticorin to Chennai 
 
Long drive back to Madurai which allowed for a brief look at local food markets.  That evening 
most delegates left India to go home.  Mark Seymour stayed on to go to Hyderabad and the 
Woodhouse’s to the Maldives – I wonder who drew the short straw? 
 
 
Photo 53 Goats head anyone? 
 
Photo 54 Street stalls, Tuticorin. 
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Monday, 12 March 2007, Hyderabad - ICRISAT 
 
Early morning flight to Hyderabad and a 40 minute drive to the International Crops Research 
Centre for the Semi-Arid Tropics (ICRISAT).  Here I met Dr. Suresh Pande (Principal Scientist – 
Pathology) who gave me a brief run down on chickpea production in India and a look at the 
facilities ICRISAT use to screen chickpea germplasm for resistance to fungal diseases.  DAFWA 
and COGGO have a joint project which utilises this facility primarily to screen our lines at an early 
stage for resistance to ascochyta.  At the time of my visit there were no plants in the growth 
room as the survivors had been harvested and transplanted into pots for growing out in the 
glasshouse, whilst the new generation were just emerging.  However I got a good appreciation 
for the scale and size of the operation, which would be difficult and expensive to replicate in 
Australia. 
 
I then spent a good deal of time with Dr Pooran Gaur (Principal Scientist (Chickpea Breeding) 
who gave me a good appreciation of the shift in chickpea production from the north of India as a 
result of improved irrigation allowing a rice/wheat rotation to develop in the north which has led 
to chickpea production moving to the central plains of India where the chickpeas are replacing 
fallow in the rice system.  This has allowed a similar production capacity in India for chickpeas.  
It has also diminished the risk of diseases as the central regions usually receive little or no rainfall 
during the chickpea growing season (October-March) – thus the production in central India is 
more reliable but inherently lower yielding than the north – 0.9 t/ha in the south compared to 2.0 
t//ha in the north.  The bulk of the chickpea trials had been harvested in February but I did get 
to see his autumn bulk up of promising lines which he has moved from the glasshouse to the 
field in recent times in order to save costs.   
 
I discussed with him the possible role of quick maturing chickpeas and Mung beans in WA 
following summer rain, and he suggested a few early lines such as the early Kabuli ICCV2 and 
another super-early line just under development.  He mentioned Kabulis show better 




Photo 55 Dr Gaur (ICRISAT) in his autumn chickpea bulk up plots, Hyderabad.  
Yes they have a lot of mobile phones in India 
 
I also spoke to Dr Krishnamurthy about his screening of chickpea for boron and salt tolerance.  
He indicated good progress in the salt tolerance work with wide variability when subjected to 50 
dS/m salt levels.  He was less hopeful about Boron tolerance – with little variation amongst the 
lines when tested at 15 ppm B.  I mentioned we have soils with >30ppm B which he thought 
would be pushing things for chickpea.  He also mentioned he thought if the soils were sodic and 
had high B, the high Na seems to improve the tolerance to B. 
 
That night the Indian bugs finally caught up with me, so the next day was very unproductive and 
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Kaspa  Dun
• A new Australian Dun type field pea
• Kaspa produces round light reddish 
brown dun type grain that is uniform 
in size.
• Kaspa produces higher split yields.
• Kaspa has superior cooking quality.
• Western Australia Field Pea 
Production is anticipated to exceed 
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Kaspa Dun 
Higher values are 
associated with 
quicker cooking times
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